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Introduction 
 This project attempts to create a descriptive Scenario Planning framework for addressing the advent of connected and autonomous vehicles (CAVs) in the Champaign-Urbana region. This project aims to provide narratives of and recommendations for four distinctive scenarios that can occur because of internal responses by stakeholders to exogenous forces associated with the adoption and proliferation of CAV technologies in the region in the future. It delivers a starting point for a subject-oriented addition of CAVs to the planning efforts underway to develop the Long-Range Transportation Plan for 2045 by the Champaign County Regional Planning Commission (CCRPC). The Capstone will focus on connected and autonomous technologies in private non-commercial vehicles. This will have implications on associated future technologies in transportation such as shared mobility, electric vehicles, connected vehicles, and Intelligent Transportation Systems. The capstone product will be suitable for Champaign – Urbana, IL MSA and other MSA’s of similar size with a major institutional campus in the US. Areas of impacts include urban form, parking, public transit, travel trends & mode choice, active modes of transportation, public financing, safety, environment, accessibility and equity.  
 
Client Description The Champaign County Regional Planning Commission is an intergovernmental membership organization that provides a variety of programming in the areas of regional, environmental and transportation planning; economic, community, and workforce development; social services; early childhood education; and technical assistance in East Central Illinois which includes Champaign-Urbana. As a multi-faceted government agency, the Commission administers over 100 federal and state grants and contracts with an annual operating budget of $25 million and a staff of over 230 professionals housed in 12 locations serving over 30,000 clients annually. Formed in 1966, the Regional Planning Commission has spent 50 years cultivating partnerships and alliances that range from the federal government to local boards, councils, and committees.  
Why Scenario Planning?  Currently, much of the research on the long-term impacts of AVs are addressed as specific issues in isolation. Much of the discourse on the topic is overly optimistic about rates of adoption, market size, and the potential to displace existing market players or public institutions. Often, these types of forecasts rely on assumptions of inevitability that dismiss public policy choices that would push towards a different future. Traditional straight-line trend analyses and normative planning is incapable to incorporate the diversity of actors, technologies, and trends in play for CAVs - a subject that is uncertain, incomplete, evolving, and conflicting. For an agency such as CCRPC which has a mandate to have a foresight, the multiplicity of sources offer a stunning diversity of expectations - hundreds of compelling and plausible explanations for how certain technologies may develop, and the impact they could have on transportation.  To grapple with the uncertainty inherent in this subject, Scenario Planning as an approach shows promise. Scenario Planning presents the opportunity to collate the most coherent and insightful forecasts in public record and weave them together into a set of interesting stories. These stories help to foster discussion and analysis of possible outcomes of certain policy decisions. At one level, the scenarios can provide a valuable reality check on current strategic options and plans. CCRPC can review their strategic plans or policies over the full range of futures illustrated by the scenarios and help identify ‘early warning signs’ to determine if they will be well positioned to address associated challenges and risks. 
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Report Structure The structure of this report is reflective of the order in which the process of creating the scenarios were executed.  1. Literature Review:  An extensive literature review was conducted from a variety of academic, professional, industrial and tech media sources to gather a variety of explorative research, speculations, guidelines and future predictions as well as to gauge sentiments from various professional groups. The review was conducted to gain perspectives and to answer the following topics: a. Adoption Timeline: How is the technology going to be adopted by consumers in the years to come? When is it likely to hit-mass markets? What will be the pace of adoption? b. Safety Impacts: How well is the technology likely to improve safety n roadways? Does it impact the safety of active modes? How?  c. Amount of Travel: How are the benefits of technology going to influence travel behavior? What will the VMT growth/decline look like? What are the arguments for both the expected trends? d. Congestion:  Is the volume of vehicles on the roadway going to increase/decrease? What implications does it have on infrastructure? e. Environment: Is the technology likely to increase/ decrease net carbon emissions from the transportation sector? Are there any other environmental impacts? f. Ownership: How is the technology going to affect consumer preferences? Are people going to own more/less cars? g. Urban Form: How are the changes in mobility through automation going to affect land-use, density, urban centers, housing patterns and public spaces.  h. Accessibility & Equity: Are the benefits of the technology inclusive? Does it improve/decrease access to various people groups? i. Economic Impact: What are the implications of the technology on jobs and businesses? j. Parking: How are the inventory, designs and locations of parking going to change? k. Implications for Public Sector: What are the challenges expected for the public sector? How can governing bodies adapt to the trends?  l. Shared Use: What are the implications of ride-hailing autonomous services?  2. Stakeholder Profiles: Stakeholder interviews were conducted to gain an understanding of organizational capacity and regional roll, how decisions are made, what triggers planning efforts, institutional perspectives, concerns and outlook on the advent of CAVs in the region. The interview questions were informed from the insights from the literature review. Then profiles were made with the purpose of gauging how each of the institutions are poised to respond to exogenous forces that can affect the roll-out of CAVs in the region. The following four stakeholders were identified in the region to hold the levers that can drive and direct the advent of CAVs within the C-U region: a. City of Champaign b. City of Urbana c. Champaign-Urbana Mass Transit District (CUMTD) d. University of Illinois Additionally, an Illinois state official was also interviewed to understand the progress of state level planning and policies on the subject. This informed exogenous forces as well.   3. Scenario Building: The literature review and the interviews helped to isolate specific desirable (+) and undesirable (-) external trends that are expected to drive internal decision-making among stakeholders as well as determine the expected desirable (+) and undesirable (-) responses from the stakeholders. This helped to create four distinct, plausible, internally-consistent, and relevant scenarios. The consequences in the narrative of each of the scenarios are then dealt with appropriate recommendations.  
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Introduction This section will explore existing research on the impacts of autonomous vehicles on safety, amount of travel, congestion, environment, ownership models, urban form, accessibility, equity, public transit, and parking. Advent of Connected and Autonomous Vehicles (CAVs) technology is hotly debated topic in transportation and land use planning today. The subject is expected to remain of high relevance in the future as it is the next era of surface transportation in the US. Currently, much of the research on the long-term impacts of AVs are addressed as specific issues in isolation. Collating the research and interpreting their conclusions are important knowledge for future transportation planners.  Autonomous vehicle technology has begun entering the market in a variety of forms, and many advanced systems are currently undergoing testing. To help standardize descriptive language around AV technology, Society of Automotive Engineers (SAE) International defines the six levels of driving automation shown in Figure 1 (SAE International, 2016).  The U.S Department of Transportation (DOT) incorporated these six levels into its 2016 National Highway Traffic Safety Administration (NDTSA) policy guidance.  
 
Figure 1 SAE International Levels of Vehicle Automation This varying functionality presents several important challenges to planners and decision-makers. When anticipating when and how AV technology may influence a transportation system, planners will have to consider not just the abstract level of autonomous capability in the future, but the degree to which the vehicles will be able to operate in their jurisdiction (compatible conditions in which the technology can operate safely and effectively such as availability of road markings and infrastructure, standardized markings and signs, GPS communication and mapping, strong wireless coverage, unpredictable human interactions on the street, adverse weather conditions etc.).  Autonomous vehicles are one of many factors that will affect transport demands and costs in the next few decades, and not necessarily the most important.  
7 
 
 
Figure 2 Key Technology Trends parallel to AV tech 
Source: Victoria Transport Policy Institute 
 
CAV technology deployment will be impacted by broad regional, national, and international trends as well as exogenous factors. Some of these trends are explored in the following section; the following bullets note key exogenous factors that could conceivably influence CAV adoption timeframes and technology development.  The greatest uncertainties around AVs center on liability, insurance, legislative actions, security and the issues that could arise during an unpredictably long transition period during which traditional and 
Figure 3 Factors affecting Transport Demands and Costs 
Source: Victoria Transport Policy Institute 
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automated vehicles share roadway space. As noted in a RAND Corporation report on public policy implications of AVs, liability and responsibility will be largely shifted away from drivers towards automobile manufacturers, and subsequently vehicle operators, if the vehicle is operating as part of coordinated service. The degree of this shift is likely to pair with the degree of autonomy; a vehicle with minimal autonomous features would be less likely to assume liability than one that was driving entirely autonomously (RAND, 2016). In cases where vehicles offer autonomous modes, such as on highways, liability may be assigned circumstantially based on whether the autonomous capability was being used, and whether it was being used correctly (RAND, 2016). The report notes that overall, the shift in liability will not necessarily be a hindrance to AV deployment; in fact, the decrease in crashes rates and insurance costs could be a boon to AV adoption rates (RAND, 2016). Many of the enforcement and cyber challenges are only beginning to be understood. Recent developments in hacking into vehicle systems remotely have spurred a greater awareness of cyber threats but a lot is still unknown. Current approaches, levels of enforcement also will need to be revisited as AVs enter the marketplace. Traditional enforcement roles for speed, parking, registration and insurance verification will change and new enforcement needs such as verification of vehicle operating software, and enforcement of shared or managed lane AV requirements may emerge. 
 
Adoption Timeline 
 Estimates of when fully autonomous vehicles will be available on the mass market vary.  A survey of self-identified AV technology experts yielded a median estimate of the year 2025 for when vehicles would be able to safely drive themselves in both highway and urban settings, and 2030 for when there would be no need for a backup driver in those settings (Underwood, Marshall, & Niles, 2014). Some technological and automotive companies have  made more bullish predictions, with one transportation provider planning to deploy a “fully self-driving taxi fleet” commercially in Singapore by 2018 (nuTonomy, 2016), and many other companies stating expectations for high level autonomy within the next five years (Driverless Car Market Watch, 2017). Some researchers to predict that partial autonomy of freight and dedicated shuttles will be among the first applications (VTPI, 2017). There is uncertainty regarding the adoption rate of the technology once it becomes available; one report estimated that Level 4 AVs would be available in the 2020s, but that it would not be until the 2040s that a major share of vehicles becomes autonomous (VTPI, 2017). 
A report by Morgan Stanley Research theorized the following timelines for adoption. (World Economic Forum, 2015) 
Figure 4 Adoption Timeline of AVs 
Source: Morgan Stanley Research 
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• Phase 1 – Introduction to AVs as manufacturers roll out some of the underlying technologies  
• Phase 2 – Partial driver substitution technology is introduced 
• Phase 3 – Full autonomous all-speed vehicles are common with Vehicle to Vehicle capabilities  
• Phase 4 – Widespread shift to AVs bringing broad-based changes to transportation begins.  While these estimates are starting to come true, there is still immense uncertainty around the timing, capability, and adoption of autonomous vehicles. This creates challenges for planners and policymakers, whose investment and policy decisions can have far reaching impacts. AVs will have various impacts on transportation planning.  
The transition from current fleets to AVs could take different forms. A study by the Texas A&M Transportation Institute (TTI) illustrates alternative pathways to the adoption of AVs, showing an “evolutionary” pathway with “Level 3” (hands free) vehicles not reaching the market until around 2035, and a “revolutionary” pathway, with these vehicles appearing between 2020 and 2025 (TTI, 2015), see figure 3 & 4. It is most likely that specialized AVs designed to operate in limited geographical settings may lead the way. Because AV technology requires specific infrastructure, detailed mapping, and a viable legal framework, to operate successfully, the technology may enter the market incrementally, emerging in one location and/or application at a time. Therefore, in contrast to the geographically homogenous adoption of other technologies such as smartphones, AVs may become a common sight in 
Figure 5 Autonomous Vehicles Planning Impacts by Time Period 
Source: Victoria Transport Policy Institute 
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some cities or regions (larger metropolitan areas of prominent economic centers in the US) long before they appear in others.   
 A Fehr and Peers report (Fehr & Peers, 2014) presents another example of how AVs may get deployed across the different facility types, infrastructure types and mode types over time. The timeline below will be of interest to MPOs, governmental agencies etc.  
Figure 8: Deployment of CAVs by infrastructure type. 
Source: Roland Berger 
Figure 6 Revolutionary Path of Deployment 
Source: US DOT 
Figure 7 Evolutionary Path of Deployment 
Source: US DOT 
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Figure 9 Institutional Deployment by Level of Automation 
Source: Fehr and Peers 
 
 
 
 
 
Figure 10 Deployment of Transit CAVs by Levels of Automation 
Source: Fehr and Peers 
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Figure 12 Deployment of Freight by Level of Automation 
Source: Fehr and Peers 
Figure 11 Deployment of Private CAVs 
Source: Fehr and Peers 
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Projections from the Victoria Transport Policy Institute based on vehicle sales, fleet and travel, if accurate, predicts in the 2040s autonomous vehicles will represent approximately 50% of vehicle sales, 30% of vehicles, and 40% of all vehicle travel. If autonomous vehicle implementation follows the patterns of other vehicle technologies (uncertain), it will take one to three decades to dominate vehicle sales, plus one or two more decades to dominate vehicles travel and even at market saturation it is possible that a significant portion of vehicles and vehicle travel will continue to be self-driven, indicated by the dashed lines below.  
 
Safety Impacts Safety is often at the forefront of both AV and CV technology impacts. The National Motor Vehicle Crash Causation Survey (NMVCCS) conducted from 2005 to 2007 concluded that 94% of crashes are critically due to human error; proponents of CV/AV technology have touted the potential to dramatically reduce the high level of human-factor-related crash causality.  A study by University of Texas researchers (Kara Kockelman, 2016) investigated V2V (Vehicle to Vehicle) and V2I (Vehicle to Infrastructure) systems and the crash types whose frequencies may be affected by such applications. They estimated that V2V systems, such as forward collision warning, blind spot warning, and lane change warning, can serve as primary crash countermeasures, reducing U.S. light-duty vehicle-involved crashes by 76%. They further estimated that V2I systems, such as curve speed warning, red light violation warning system, and stop sign violation warning, if deployed anywhere they could be useful, could address 25% of all light-duty-vehicle crashes in the U.S.” On the other hand, as industry members have observed, the advent of driverless vehicles does pose new security challenges associated with hacking, especially when vehicles are deployed in shared-use contexts (Greenberg, 2017). Both remote hacking and rider sabotage could present safety threats; as computers control an increasing share of vehicle functions, the array of hackable functions also grows. 
For Pedestrians and Bikers In 2017, IEEE Spectrum reported that algorithms used by computer-vision and autonomous vehicle researchers were able to recognize bicyclists in isolated 2D images only 74% of the time. The radar beam is wide enough that the resulting angular resolution is limited. Most radar systems are insufficient for making decisions that require precise lateral localization, such as whether there is enough room to pass a bicyclist or pedestrian ahead on the roadway edge without changing lanes. However, Pedestrian detection and classification with radar can be enhanced using micro-doppler signal analysis. The movement of a pedestrian’s arms and legs while walking provides a unique time-varying doppler 
Figure 13 AV Sales, Fleet and Travel Projections 
Source: Victoria Transport Policy Institute 
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signature that can be detected in the radar signal by a pattern-recognition algorithm. This signature allows the radar system to distinguish pedestrians from other objects and to start tracking their movement sooner and among clutter, such as when a pedestrian is stepping out from between parked cars. Bicyclists present more of a challenge to distinguish from clutter because they move their body less, especially when coasting. Vehicle to Vehicle (V2V) Communication may be of value to pedestrians and cyclists in situations where sight-line obstructions prevent them from being seen until immediately before a conflict. For example, when a pedestrian crosses the street in front of a stopped vehicle, the stopped vehicle may block the view between the pedestrian and another vehicle approaching an adjacent same-direction lane. This common crash scenario, known as multiple threat, could be mitigated if the second vehicle were to receive transmitted information about the pedestrian’s position. Geometric engineering improvements such as road diets that improve pedestrian visibility with human drivers (and remove multiple threat conflicts) will also improve safety with autonomous vehicles. If pedestrians and bicyclists travel where they can be seen, fully autonomous vehicles will likely outperform human drivers at yielding. Jana Košecká, a computer scientist at George Mason University in Fairfax, Virginia, agrees that bicyclists are “much less predictable than cars because it’s easier for them to make sudden turns or jump out of nowhere.” To an autonomous vehicle developer, the unpredictable movements of some bicyclists who make up their own traffic rules are cause for alarm (McKinley).  Some of the semiautonomous self-driving products entering the market may pose increased risks to vulnerable users due to insufficient sensing capabilities, especially if human drivers lapse in attention after activating them on surface streets. Government regulation may be required to restrict such semi-autonomous systems to operational design domains where they cannot harm pedestrians and bicyclists. Geo-fencing to fully controlled access highways is one feasible way to accomplish this self-enforcement. 
 
 
Amount of Travel Estimated impacts of CV/AV deployment on congestion and vehicle miles of travel (VMT) are uncertain due to a variety of interactive and competing effects. But, overall there seems to be an agreement among researchers that increased AV usage could generate an uptick in VMT and possibly congestion, depending on the degree to which the increased travel is offset by shared vehicle use (shared-mobility options), and to which the congestion is mitigated by increased system efficiency (ICF, 2017).   
 
Figure 14 Impact on Vehicle Travel 
Source: Victoria Transport Policy Institute 
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• Cost of Travel-time Drops: AV technologies could facilitate routine long-distance trip-making both by increasing effective roadway capacity and by freeing up travel time for work, rest, or play rather than focus on the road. If drivers are able to more fully utilize their time in vehicles, lengthy travel times for work and leisure trips may feel less burdensome.  
• Accessibility for the Mobility-challenged: AV technology will expand the market for car travel to groups that are currently precluded from conventional driving, such as older adults, people with disabilities, children, impaired drivers, and those who do not own a car but can afford an occasional autonomous trip. A study attempting to estimate the potential VMT increase from these latent demand groups estimated that total U.S. VMT could increase 14% if currently non-driving adults drove as much as average adults in their age cohort (Harper, Hendrickson, Mangones, & Samaras, 2016).  
Figure 15 Reasons for VMT Increase/Decrease 
Source: Victoria Transport Policy Institute 
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• Zero Occupancy VMT because of shared mobility - If AVs are used in shared application similar to taxis or transportation network companies (TNC), they could—similar to traditional taxis—accumulate empty miles between passengers, although coordination with riders could eliminate many of these empty or “deadhead” miles. One study modeling system impacts of SAVs (Shared Autonomous Vehicles) found a VMT increase of 9% from empty travel, as compared to a scenario where all trips had been satisfied by a personal car starting and finishing each trip in the same location (Fagnant & Kockelman, 2013). Additionally, the advent of high-level autonomy could allow personal vehicles to be sent on empty-vehicle errands, such as picking up groceries that are ordered online.  
 AV-related VMT growth will vary by regional geography; in highly urban areas still experiencing heavy use of transit, AVs may actually help to increase transit ridership by serving as supplemental, first- and last-mile solutions. Additionally, the level to which SAVs are deployed may mitigate VMT growth by reducing the rate of personal automobile ownership and/or usage; again, this is most likely to occur in denser urban areas. Meanwhile, CV technology and cooperative systems could help mitigate VMT gains from the previously mentioned effects by facilitating efficient routing and coordinated parking (rather than searching randomly). Overall, the impacts of CV and AV technology on VMT remain uncertain due to these and other overlapping factors (Barcham, 2014). Fehr & Peers Think Initiative modelled 7 models to predict travel demand for both private vehicles and transit with varying ownership (50% shared by regulation) with variables such as Terminal time (time needed to park your car and walk to destination), Parking Cost, Value of Time, auto availability, roadway capacity.  
Figure 16 Increase in VMT per capita in Auto-Dependent Regions 
Source: Fehr & Peers Think Initiative 
Figure 3 Ranges of Impact on Travel – Vehicles & Transit 
Source: Fehr & Peers Think Initiative 
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Figure 17 Increase in VMT per capita in Multi-modal Regions 
Source: Fehr & Peers Think Initiative Key findings of Fehr and Peers: 
• VMT increased in all 7 models (+12% to +68%) when assuming no regulatory requirement for ridesharing. 
• Although regulations requiring half of shared AV trips would help mitigate the VMT increase, it would not fully offset it. 
• Ridesharing can substantially reduce vehicle delay but would increase the average trip length (zero occupancy VMT). 
• Total transit trips declined in 5/7 models tested (-8% to -43%).   
Congestion Autonomous and connected travel offers several methods for mitigating or perhaps compensating for effects that contribute to congestion, such as VMT growth and crash rates. miles spent searching for parking, which have been estimated to be nearly 30% of total passenger miles in certain dense urban locations, could be reduced if autonomous vehicles were coordinated to be aware of vacant parking locations (ICF, 2017). Driver assistance technologies such as connected eco-driving, intelligent speed control and advisories, freeway merge control, cooperative adaptive cruise control, and truck platooning are promising candidates identified by exploratory research conducted by FHWA [ (Shladover S.E, 2009), (Kuehn D., 2013) (ITS Joint Program Office, 2014)] Early pilots and simulation studies have demonstrated improvements in traffic flow and effective capacity. Associated benefits of these applications include fuel savings, safety and emissions reductions. One study notes that CV/AV-related capacity and congestion may increase in tandem, especially in the early days of deployment when “safety conscious programming” could increase headways and reduce speeds. With greater degrees of penetration (reaching 75%) of the technology, the authors note some benefits ranging in the 25-35% range. (Biersted J., 2014) 
 
 
Figure 4 Summary of AV on Congestion 
Source: Victoria Transport Policy Institute 
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Environment For the first time in 40 years, power plants are no longer the biggest source of U.S. greenhouse gas pollution. That dubious distinction now belongs to the transport sector (Bloomberg). Connected and autonomous vehicles could support an energy-efficient mobility system; on the other hand, however, these technologies (particularly AVs) could also contribute to an inefficient system. By reducing barriers to driving as well as providing many of the benefits of traveling by train in the comfort of a private vehicle, personally owned AVs could encourage urban sprawl and thus an increased reliance on the automobile. Increased use of shared autonomous vehicles, on the other hand, could extend the reach of transit-oriented development and thus reduce the need for private vehicle ownership (T.S. Stephens, 2016). Offsetting this increase in VMT will be improved vehicle flow and greater use of electric vehicles (automated technology controls electric propulsion better than gasoline powered engines). AVs may enable fuel efficient braking and acceleration, which could increase fuel efficiency by up to 10-20% (Wadud, MacKenzie, & Leiby, 2016). This could be facilitated with both vehicle control and V2I systems that could inform vehicles of traffic light patterns and allow them to plan an efficient course. Other traffic management and connectivity systems enabled by AVs could reduce emissions by eliminating congestion, as the fraction of fuel use wasted on congestion is expected to reach 2.6% by 2020 (Wadud, MacKenzie, & Leiby, 2016). Similarly, V2V systems could facilitate vehicle platooning among freight or passenger vehicles, which could further improve energy efficiency in high-speed corridors by 3-25% depending on vehicle type, speed, and drag reduction assumptions (Wadud, MacKenzie, & Leiby, 2016). AV technology may also catalyze significant changes to service models and vehicle design. Vehicles optimized for transporting small groups of people in urban spaces might be built with less emphasis on speed and horsepower and be shaped and sized to fit more people in a denser space (Wadud, MacKenzie, & Leiby, 2016). Higher vehicle utilization and travel could incentivize more fuel efficient internal combustion engine technology, and/or electrification, since electricity generally offers a lower per-mile fuel cost. Both have potential to mitigate any emissions gains from AV-induced VMT.  
 
Ownership Models The degree to which vehicles are fleet-owned vs. personally owned will be of major importance to public policy. Some researchers expect that AV and CV technology will amplify shared vehicle markets [ (Fagnant & Kockelman, 2013) (Schonberger & Gutmann, 2013)], meaning that fleet-owned vehicles will become a far more common means of passenger transport. The advent of Transportation Network Companies (is an organization that pairs passengers via websites and mobile apps with drivers who provide such services) has already begun to blur the lines of what are personally owned vehicles as opposed to company owned ones providing a service. Fleet-operated vehicles could also present opportunities, such as coordination, generation of travel data, and a route-flexible means of mass transit for unusual events. There is uncertainty around predictions of fleet owned vehicle adoption in the market. However, even if a relatively small share of passenger vehicles operates as part of larger services, fleet owned vehicles could compose a large share of the total VMT because each of these vehicles would likely be traveling much more than a typical personally owned vehicle. Efficient algorithms can enable a relatively small number of shared vehicles to serve a significant portion of travel demand, as evidenced in the study of New York Taxi Data. (Alonso-Mora, Samaranayake, Wallar, Frazzoli, & Rus, 2016) Scenario Models on ownership based on fuel demand in the Greater Ann Arbor Region yielded the following results (Greater Ann Arbor Region, 2014).  
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The introduction of autonomy could conceivably increase the utilization of vehicles to nearly 100 percent, enabling a smaller number of vehicles to meet travel demand while greatly reducing total VMT, congestion, noise, pollution, crashes, and other related impacts. One study estimated that by allowing household vehicles to travel autonomously between trips and serve multiple residents, vehicle ownership could be reduced by 43% and travel per vehicle could increase by 75% (Sivak & Schoettle, 2015).Of course, these sorts of sharing models may not take hold, as there are many reasons motorists may prefer strictly personal ownership, but similar ownership models could consolidate VMT into a smaller number of vehicles. That said, experts have predicted that with AVs and shared mobility options, 
both vehicle ownership and single occupancy vehicle use will decline.   
Urban Form Expert opinion on potential land use impacts of CV/AV deployment is quite uncertain. Divergent trends have been postulated toward either increased sprawl or increased compact urban development. On the one hand, by reducing the burden of driving, AVs could encourage longer commutes. Combined with expanding e-commerce, drone deliveries, and other changes in goods movement logistics, these trends 
could lead to growth in lower-density, exurban areas.  On the other hand, more seamless on-demand mobility could dramatically reduce vehicle ownership in urban areas, thereby reducing parking demand and enabling the reuse of parking spaces for green space, bicycling and walking infrastructure, and affordable housing; all of these factors could support the 
growth of high-density, efficient urban centers.  
Figure 19 Scenario change in total light-duty vehicles fuel demand 
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More Sprawl Scenario 
• One of the biggest costs of transportation—the value of our own time spent driving—is likely to be reduced or eliminated completely thanks to self-driving vehicles. Self-driving cars will decrease travel times, as they will reduce congestion and increase road throughput. These aspects mean that commuters will be able to travel longer distances for similar travel time and can accomplish more with their time. 
• In this scenario, self-driving cars may increase commuter willingness to travel longer distances to and from work. Households and businesses may situate farther away from urban cores in search for more affordable rent or home prices, which will provide incentive for more sprawling, low-density urban development and will generate more travel in turn.  
Greater Density Scenario 
• Automated vehicles will help reduce onsite parking needs and enable road diets, especially in urban cores. This will free valuable space that can be used for redevelopment, which will then increase density and walkable developments and encourage a less car-centric lifestyle. 
• Automated driving will also encourage use of vehicles in shared-use programs. 
 Despite self-driving cars allowing people to use travel time for other activities, Marchetti’s constant (the idea that the majority of people will not want to commute more than one hour) might well remain in place. People may still prefer to spend less time in their vehicles, even if they could be productive during that time. The level to which shared-use functions penetrate the AV marketplace has been postulated as the critical 
element in determining whether the technology promotes exurban sprawl or urban density (UTIP, 2017). 
Figure 20 AV Benefits for Individuals and Society 
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Autonomous Urbanism   
 
Figure 51 Prospective Timeline in Four Phases To adequately prepare for the advent of AVs in advance the Regional Plan Association (RPA, 2017) postulates the phases of improvements on urban streets as shown above in figure 4. They suggest the following strategies: 
Urban Centers 
• Prioritize street space for public transit, pedestrians, bikes, and freight. 
• Implement vehicle-miles-traveled (VMT) fees or higher tolls to deter congestion. 
• Cap the overall number of AVs (and remaining manually operated vehicles) during certain times of day or in the most congested parts of cities.  
• Provide sufficient curb space for pick-up/drop-offs and deliveries to not impede the free flow of traffic in mixed-lanes. 
• Reduce off-street parking requirements and eliminate on-street parking for long-term vehicle storage. 
• Prioritize affordable, high-quality transit.   
 
Suburban Areas 
• Continue to promote transit and the use of AV to link to transit hubs.   
• Subsidize on-demand AV transit services to improve mobility for the disabled, young and elderly within the suburbs.   
• Reshape future Right of Ways (Narrower lanes, smaller vehicles, opportunity to reappoint space for pedestrian and bikes). 
• Evolution of Access Management (Moving away from Parking minimums, on-street parking to designated drop off and pick up points). 
• Signage and Signalization Infrastructure Changes 
• Redevelopment of former parking lots, Better wayfinding, decluttering of streetscape but longer waits at intersections, fragmentation of streetscape because of drop off –pick up points. 
• Parking (Location, demand and supply, form) A reliable source of municipal revenue could decline.  Remote relocation of parking could have negative impacts. 
• Buildings to face streets, consolidation of entry/exit roads & turning lanes,  
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• Discourage private AV use by scaling VMT fees to the number of passengers in a vehicle, making it more expensive to travel far distances alone.  
NACTO prepared a Blueprint that outlines a vision for cities in a future where automated transportation is both accepted and widespread as part of the built environment (NACTO, 2017), see figure 5. Principles of Autonomous Urbanism include safety as top priority, improved mobility, rebalancing of the ROW, Real-time street management, curbside management, flexible mobility hubs, and new street section, intersection, mobility, active mode infrastructure designs.   The FSU Research Team (FDOT, 2016) facilitated a visioning session at the Florida Automated Vehicles Summit held in Jacksonville, Florida in December 2015. Planners, engineers, public officials, and professionals from AV-affiliated industries were tasked with thinking about how specific aspects of the built environment might need to change over time. The findings were far-reaching, predicting six significant impacts to the future urban environment (Qualitative discussions): 1. The researchers concluded that AVs will reshape future road rights-of-way. By accommodating the same or more volume in less space, newly available road can be reapportioned to other road users like pedestrians and cyclists. 2. The researchers propose a coming revolution in access management, with increasing demand for drop off and pick up points close to the destination. The commensurate demand for on-site parking is likely to plunge, calling into question the future necessity of parking minimums.  3. Signage and signalization AVs capable of communicating with other AVs (Vehicle to Vehicle) or with local infrastructure (Vehicle to Infrastructure) will revolutionize the look and feel of streets and roads. Automated and connected vehicles will lead to a decline in street signs, lane striping, and traffic signals. Intersections themselves may be greatly impacted, as the need for AVs to stop may be removed entirely from the equation. 
Figure 22 Street Section Enhancements 
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4. Autonomous vehicles have a number of potential benefits and drawbacks for pedestrians, 
cyclists, and other road users. The reapportioning of rights-of-way may allow for expanded sidewalks and more dedicated bike lanes. The decluttering of the streetscape due to signal removal may allow for better wayfinding, but also longer waits at intersections dominated by free-flowing vehicles. The growth of drop-off and pick-up zones may fragment the streetscape, complicating travel for pedestrians and cyclists. Alternatively, the redevelopment of former parking lots may lead to more complete streets, enhancing streetscapes currently dominated by surface parking. 
5. The location, demand, and form of parking is predicted to change tremendously. Structured parking on the urban fringe can accommodate AVs not currently in use. Surface parking within cities may be free to redevelop into retail and residences. Unused street parking can be reapportioned as bike lanes, expanded sidewalks, or AV pick-up and drop off zones. Space-efficient AVs will be able to park next to each other without the need for opening doors, allowing for lots to accommodate a higher density of parking in more limited space.  Vehicle to infrastructure communication will allow unused spaces to be filled quickly and more efficiently, reducing the need for “peak day” parking minimums.  6. Rethinking standard lane width, level-of-service, and long-range demand models, the need for dedicated AV lanes during the transitional period, the design considerations necessary in accommodating drop-off zones, preparing for the development potential of existing parking lots, reconsidering the need for parking minimums, and the possible future demand for drop-off space. 
Figure 23 Changes to the Built Environment 
Source: Florida Department of Transportation 
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Accessibility Benefits of AVs for non-driving populations such as older adults, people with disabilities, and those below legal driving age include personal independence, reduction of social isolation, and access to essential services (RAND, 2016). Additionally, research suggests that affordable personal or shared AV trips would likely improve the opportunities for non-drivers to access automobile-oriented contexts, especially in more suburban settings. For people who cannot own and/or operate a private vehicle, the widespread use of AVs – either through shared or private use – presents an opportunity to improve access to jobs and other resources (Chldress, Nichols, Charlton, & Coe, 2014). This results in improved economic productivity and can help to stimulate new businesses or even new industries. Similarly, a study conducted by the Shared-Use Mobility Center for the American Public Transportation Association (APTA) on the impact of shared mobility on public transit found that lower-income households have much to gain from wider availability of shared-use modes (APTA, 2016). The study also found that users of multiple shared-use services more frequently walked and biked than non-users, suggesting that on-demand rides were complementary to non-motorized travel, at least for these early adopters. Furthermore, car sharing was found to be a top alternative to public transit for low-to-moderate income residents. While the study does not directly discuss autonomous vehicles, the results of the survey indicate that shared autonomous vehicles could improve mobility and access for lower-income populations and people who do not drive (APTA, 2016). 
Equity While advances in AV technologies can enhance accessibility for some disadvantaged populations (such as well-off, older adults who cannot drive but can afford to use an autonomous vehicle), other populations, such as those who do not have access to new forms of payment, may not benefit from such enhanced accessibility (Litman, 2015) Research also suggests that the focus on AVs could distract from and marginalizes public transit, perpetuating the current car-centric system (RAND, 2016). In addition to concerns over the stability of public transit, some researchers note the increased pervasiveness of 
Figure 24 Rethinking Standards 
Source: Florida Department of Transportation 
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CV/AV technologies may impact the job market negatively for some groups. Commercial transportation jobs, such as truck, taxi and bus drivers, would become much less demanded in world of autonomous vehicles (RAND, 2016).  
Economic Impact Policies can help to guide a sustainable progression of the transition from existing work schemes towards new ones. Institutional structures and partnerships could help to promote economic development and innovation in the development and deployment of technology within regions, based on unique areas of expertise and competitive advantage.” A research paper focusing on the economic effects of fully autonomous vehicles on specific markets, estimated an economic impact of about $3,552 per American assuming CV/AV captures a significant portion of the market (Kockelman, 2017) see figures below. The paper concluded that “annual economic benefits could be in the range of $27 billion with only 10% market penetration. 
When including broader benefits and high penetration rates, AVs have the potential to save the U.S. economy roughly $450 billion annually” (D.J. Fagnant, 2015). Another recent report prepared for the US Treasury, estimated that the deployment of autonomous vehicles could stimulate a net economic gain of around $5-7.5 trillion over the next three decades (AECOM, 2016).   However, AVs are likely to lead to job losses in some industries, but the potential exists for new jobs in growing advanced technology industries and in relation to some new service models. Some technologies and trends, such as AVs and changes in logistics, will result in direct job losses in "driving" fields (bus drivers, taxi drivers, truck drivers, etc.). However, manufacturing, logistics, hardware/software maintenance, and data analytics offer potential for new jobs associated with the emerging technologies. 
Figure 26 Cost Comparison between Conventional & Autonomous Vehicles 
Source: Kockelman, Lewis M. Clements and Kara M. 
Figure 6 Economic Savings and Impacts of AV 
Source: Kockelman, Lewis M. Clements and Kara M. 
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More generally, improved access to labor and markets should stimulate new industries with new demands for labor. However, this needs to be tempered by broader trends in automation that are occurring that may change job profiles across the economy.  
Parking Autonomous vehicles of all types, combined with an increasingly broad array of private shared mobility service models, have the potential to reform travel behaviors and vehicle ownership preferences. The resulting changes in vehicle usage and driving habits could have major impacts on parking demand, both in terms of the aggregate demand and the distribution of parking spaces.  In general, the advent of shared-use vehicles is likely to reduce parking demand, all other factors being equal. Researchers found that implementing a shared AV system could reduce parking demand by up to 90% among users of the system, thus opening up significant space for reuse of urban surface parking lots and garages (Zhang, Guhathakurta, Fang, & Zhang, 2015). While there are currently more cars than adults in the United States, this ratio has the potential to flip strongly in the other direction if shared systems gain enough market share. One study of current car sharing users found that there could be as few as one car per 12 adults due to a change in ownership models and usage to a shared-vehicle model (Martin & Shaheen, 2016).  Lands used currently for parking in can now be redeveloped for dense housing, retail, and public spaces - long been a goal of public planners as a means to improve livability in cities and reduce housing costs (RCLCO, 2017). The suburban portion of American metropolises has recently been expanding faster than the urban centers, but new technology could potentially be utilized as a tool to steer trends in the opposite direction. Cities have control over parking incentives via zoning and parking policies, such as parking minimums for certain land use types. These policy tools may need to change in the advent of an increasingly autonomous and/or shared-use future as they constitute a primary revenue stream for the city.  
Implications for Public Sector Capacity investments are often the most expensive decisions in front of a planner. From new roadways to additional lanes to interchanges to transit capacity, the cost of capacity investments is significant. With the long-term horizons of these capacity investments squarely within the technology adoption timeframes, there are natural questions on the potential impacts of CV/AV systems on existing and planned capacity investments. Broader than the question of whether to increase capacity, is the question on what kind of capacity is needed for roadways and transit. New design standards may be necessary to account for different vehicle fleets and different operating characteristics.   Current capacity improvement plans are unlikely to be affected by AV technology, but as noted by some research [ (D.J. Fagnant, 2015), (Biersted J., 2014)], capacity improvements due to AVs may start to materialize by 2035. Consequently, planning assumptions may need to change regarding variables such as per lane capacity, allowed lane-widths, and shoulders. Perhaps more importantly, emerging research is showing steep reductions in the future value of travel time—with or without AV deployment—which is a key variable used in estimating the financial feasibility of capacity projects (Brent, 2016). Changing the future value-of-travel-time in a feasibility model would have a significant impact on the cost-benefit analysis of a new capacity improvement project.   The potential impacts of AVs on transit ridership are complicated.  Ridership and system effectiveness could increase if AVs serve as first- and last-mile or dedicated shuttles that complement traditional transit; or transit service providers may become obsolete if fleets of light-duty SAVs take over their role. Anticipating these possibilities, transit agencies may, in theory, be early adopters of AVs, especially in instances of controlled right of way, whether for bus rapid transit or rail lines. A recent report by Center for Urban Transportation Research (CUTR) highlights such recent developments in AV technology deployment by public transit agencies (Pressaro, 2016). More challenging to predict are medium- to long-term views on autonomous transit. A working paper as part of NCHRP 20-102 (2) summarizes the 
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trends in AVs and transit noting that various AV technology deployments that will evolve over the near and medium term will be less advanced in levels of automation than will be the case over the long-term. The paper also notes that as AV technology advances, changes to transit infrastructure (such as guideways, platforms) will be needed to optimize for the technology. (Kimley Horn, 2016). 
 
Figure 77 Summary of Advice from Public Sector Respondents 
Source: Victoria Transport Policy Institute The understanding of the relationship between CV/AV technology and the investment in infrastructure operations and maintenance (O&M) is clearer than the sense of impacts on capacity investments. Several articles have commented on the need for smarter infrastructure to really take advantage of autonomy and connectivity.1 Proactive system improvements to transportation infrastructure, such as pavement markings, smart traffic signals, and traffic management decision-support systems, are vital to unlocking the efficiencies promised by CV/AV technology.  Current approaches to transportation systems management and operations (TSMO) focus on a coordinated set of advisory, control and treatment strategies to manage the highway systems. From 
                                                             
1 See for example – Driverless Cars Need Just One Thing: Futuristic Roads, Article on Backchannel.com, Self-Driving Cars Won’t 
Work Until We Change Our Roads—And Attitudes on Wired.com 
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advisory strategies (511 traffic information services) to control strategies (active traffic management2) and treatment (anti-icing), TSMO strategies work across different contexts to minimize travel times and reduce the variability in travel due to weather, work zones, special events, capacity constraints and incidents.   Given the constant changes in day-to-day conditions, improving the TSMO aspect of CV/AV deployment will be critical to its success. For example, maneuvering around work zones can pose a challenge for AVs. Similarly, low visibility and adverse weather can degrade the performance of line-of-sight CV/AV technologies. On a local level, signal time and phasing (SPaT) messages from smart intersections can enable new CV/AV applications that provide significant capacity improvements. On the flip slide, early AV testing reveals issues challenges with safe interactions among bicyclists, pedestrians, and vehicles on city streets.3 More broadly, integration with TSMO programs may also provide opportunities to test CV/AVs in real settings: from using managed lanes for AVs to integration of fleet data into TMC services and in-vehicle information dissemination. Lastly, pricing may provide a lever that can be used to minimize some of the potential negative impacts of AVs.  
Shared Use Technology has supported the emergence of a new sharing economy by making it easy for people to access and pay for commodities and services online via computers and mobile devices.  For transportation, this has led to a surge in shared mobility options, such as car sharing, bike-sharing, dynamic ride-sharing, ride-sourcing, and on-demand transit. Described as “the wide variety of new technology-enabled services and tools that give instant access to new services and travel information while complementing traditional modes,” shared use mobility is expected to grow with the increased prominence of CV/AV technology (Filler & Oliphant, 2013). The normalization of CV and AV technologies in the marketplace presages a shift in the American concept of personal mobility in which the convenience of on-demand shared vehicle service can equal or surpass that of individual vehicle ownership (Cuddy, et al., 2014). Results of the 2009 U.S. National Household Travel Survey indicate “Americans have many more cars than they need to serve current trip patterns in most locations” (Fagnant & Kockelman, 2014).  The increasing availability of shared use transportation services, particularly in dense urban areas, has the potential to reduce traffic volumes by shifting consumer preferences away from personal vehicle ownership and toward the use of on-demand services.  Recent research from MIT has shown that efficient algorithms for shared use can enable 98% of New York City’s taxi demand to be served by as few as 3,000 vehicles (Alonso-Mora, Samaranayake, Wallar, Frazzoli, & Rus, 2016).  The emergence of a system of shared autonomous vehicles (SAV), in which on-demand service vehicles operate door-to-door without human drivers, is described in Ducker’s presentation, “Autonomous Vehicles: A Real Estate Road Map to the Future” (Ducker, 2017).  In exchange for a subscription fee, SAV service consumers would have 24/7 access to vehicles that provide virtually the same level of flexible, convenient mobility as that of a personally owned automobile, without requiring the subscriber to spend money and time parking, insuring, and maintaining the car. Fagnant and Kockelman assert that carsharing reduces some of the burden to own a car, but SAVs could reduce that burden even further (Fagnant & Kockelman, 2014).  An important influencing factor in the growth of mobility on demand services is the level to which cities are organized – physically and from a regulatory perspective – to support them.  One recent research effort ranked cities via a Shared Mobility City Index (SMCI), based upon criteria such as density, mode 
                                                             
2 ATM includes a suite of strategies intended to maximize reliability including strategies such as queue warning, variable speed 
limits, merge control, ramp metering 
3 See article on Guardian on Uber testing autonomous vehicles and bikes in San Francisco, 
https://www.theguardian.com/technology/2016/dec/19/uber-self-driving-cars-bike-lanes-safety-san-francisco  
29 
 
share, parking costs, and alternative transportation policies/ programs. The ongoing analysis seeks to identify cities that have “successfully attracted [a] number of shared mobility providers and what makes them different from cities where shared mobility providers are not present or had to withdraw their presence.”  The highest-scoring U.S. cities in terms of capability to advance shared mobility are (in order) New York, Washington DC, and Seattle (Movmi/ Inov360, 2017).  Shared mobility, whether automated or traditional, is most viable in urban areas where trips are short, frequent, and continuous. Inrix conducted a 2017 travel pattern assessment of the 50 most populous American cities to identify those with the strongest potential to replace traditional vehicle trips with Hybrid Automated Vehicle (HAV) trips. New Orleans, Albuquerque, Tucson, Portland, OR, and Omaha topped the list of cities in which a preponderance of short, intra-city trips could be made by HAVs (INRIX, 2017). 
Summary Drastic changes in AV and connected vehicle technology will upend the way people move, presenting sweeping opportunities as well as serious risks. Nationally, VMT is set to rise, transit ridership set to reduce, vehicle ownership set to reduce, likely urban sprawl, reduction in parking need, positive economic impacts with increase in productivity, increased accessibility, reduction in emissions, improved safety and reduced congestion – all trends conditional). With the right policies, automation can enable newfound dynamism in mobility and make it easier to access affordable, quick, sustainable and equitable transportation options in the future. The next page attempts to summarize the literature on CAVs using additional content from the American Planning Association.        
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Introduction The ability to predict how an organization is likely to respond to an external force is pivotal to creating a scenario matrix that is closer to reality. This requires an in-depth understanding of the organization’s abilities, behavior and the relative performance of each of the stakeholders in the future. Thus, the interview questions were framed to include queries to deduce (refer appendix 1&2 for list of interviewees, and interview questions): 
• Role and Capacity: This helps to understand the stakeholder’s perception of its role in preparing the region for CAVs and to understand its inter-dependence with other regional entities in planning, adopting, formulating policies and implementing projects for CAVs. Further, level of concern regarding the organization’s ability to prepare gave valuable insights on capacities.    
• Decision-Making: This helps to determine what triggers decision-making and how decisions are made within the organization/agency. The interviewee was first asked to rank five factors in the order of importance that determine how internal decisions are made and priorities are set. Then, the interviewees were asked to select the exogenous factors from a list of pre-determined factors (built from literature review), all the external factors that will impact their planning decisions regarding CAVs. This exercise helped to reduce the external factors to those that are relevant to the stakeholder’s decision-making.  
• Planning: This helps to understand existing planning efforts related to the subject as well as future planning activities that are likely to include CAVs. In addition, the interviewee was also asked to list several likely actions (including the use of new funding streams) that they are willing to take to handle the effects of CAVs.  
• Scenario 2045: Stakeholders have different perspectives on how they define the desirability of a scenario.  To understand this, the interviewee was asked to ‘put on his/her thinking hat’ and imagine being in 2045 and looking back. Then, they were asked to define what the ‘Best-case scenario’ as an organization would look like looking back from 2045. Likewise, they were asked to state what the ‘worst-case scenario’ and the ‘realistic scenario’ would look like. This exercise enables us to construct the scenarios from the agency’s perspective rather than making an educated assumption.  
 
 
Innovation-Adoption Cycle Considering the high level of uncertainty regarding the benefits and impacts of an innovative technology like CAV, the Innovation-Adoption Cycle is a useful tool to understand how and when each of the stakeholder is likely to adopt the technology. Revelations from the interview can inform when ‘adoption’ is likely to take place based on what factors the stakeholders are receptive to and how decision-making happens. It should be noted that ‘Adoption’, in this case, does not entail the purchase of CAVs by the stakeholder, but rather the expected time that the stakeholder might consider the technology as a priority for internal decision-making. This may be reflected in the form of passing policies concerning CAVs, entering into contractual agreements with private CAV transportation companies, executing projects related to use of CAVs, planning directed towards CAVs etc.  In his book, Diffusion of Innovations (1962), Everett M Rogers the communication scholar and sociologist, describes 5 types of adopters for products/technologies and provides insight into each of those types. When an innovation is adopted not all consumers (in our case, stakeholders) adopt at the same time. Some adopt early, some adopt late, some never adopt at all. It is a useful model to classify the various adopters based on their readiness to accept new innovations. Rogers presents a social system for adopters of recent innovation; the adoption of innovation varies throughout the course of the innovation-adoption life cycle (see figure 28).  
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Innovation-Adoption Cycle 
 
Figure 28 Innovation-Adoption Cycle  
Innovators Innovators are the first ones to try/ beta-test a new product/technology. They are, by nature, risk takers and are excited by the possibilities of new ideas and new ways of doing things. Innovations tend to be more expensive at their point of release and as such innovators are generally wealthier than other types of adopters. These include research universities, city governments and Metropolitan Planning Organizations (MPOs) that are already testing CAVs on their roadways.  
Early Adopters Early adopters tend to be the most influential group within any market space and they will often have a degree of “thought leadership” for other potential adopters. They (along with innovators) play a crucial role in the determining the ‘dominant design’ that will eventually reach mass-market. In the case of CAV adoptions, the design safety standards, associated laws and rules, and national policies will be constructed during this phase of high uncertainty.  Early adopters will normally have a reasonably high ‘social’ status (well respected agencies because of past initiatives) among peers (which in turn enables thought leadership), reasonable access to finances, high levels of expertise and a reasonable approach to risk. However, they do not take as many risks as innovators and tend to make more reasoned decisions as to whether to become involved in an innovation. They will try to obtain more information than an innovator in the decision-making process. 
Early Majority As an innovation begins to have ‘mass market’ appeal, the next class of adopter to arrive is the early majority. This class of adopter is reasonably risk averse and wants to be sure that their, often more limited, resources are spent wisely on projects/technologies. They are however, generally, groups with 
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better than average ‘social’ status and while not thought leaders in their own right – they will often be in contact with thought leaders and use their opinions when making their adoption decisions. These are groups that look to peers and adopt to keep up (as a matter of prestige).  
Late Majority The late majority is rather more skeptical about technology adoption than the first three classes of adopters. They tend to put their resources towards tried and tested solutions only and are risk-averse. This category of adopter is financially constraint, and has competing interests that often requires more attention, in comparison to the other groups of adopters. The late majority rarely offer any form of thought leadership in a field. While they lag behind in terms of adoption time, they have the advantage of being fully aware of benefits and impacts of an innovation which makes the investments much less risky.  
Laggards Laggards are last to arrive at the adoption party and their arrival is typically a sign that a technology has reached maturity and entering decline. Laggards value traditional methods of doing things and highly averse to change and risk. Typically, laggards will have low socio-economic status and rarely seek opinions outside of their own limited social set.  
 
Profiling Process  
 
Figure 29 Profiling Process The insights from the interview as well as an understanding of the Innovation-adoption cycle allow us to create a profile for each of the stakeholder. Figure 29 shows the derivation the profiles from the structure of the interviews. The technology adopter type is decided based on the responses for past performance on technological adoption and planning, institutional capacity, decision-making style.   
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Stakeholder Profile 
City of Champaign 
Technology Adopter Type 
 
 
Description The city of Champaign has been historically an early adopter of mobility technologies compared to other mid-sized cities. It is relatively progressive in experimentation and risk-taking often willing to try new technologies and pilot programs. The City Council is generally supportive, giving the planning department significant lee-way into the decision-making process and chooses to not ‘bury’ urban experiments in tedious regulations or processes.  The city is receptive to private capital and partnerships, relatively less sensitive to costs, and pro-business compared to peers.  
Role and Capacity The city will play a role in the following: 
• Zoning 
• Land Development 
• Economic & Community Development 
• Infrastructure Improvements 
• Comprehensive, Neighborhood and Specific Subject/Area Planning However, the city is dependent on the Long-Range Transportation Plan from CCRPC for general direction but self-reliant on decision-making and priorities on transportation related subjects.   Historically, the city has shown capacity to plan and implement project in-house as well as hire experts when required.  
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Decision Making The city of Champaign has a city manager form of government where the Planning Department has independence in taking decisions on their own among their staff. The city council and city manager give general directions, giving the department more lee-way to take decisions within the department. The following are the factors that contribute to the decision-making process ranked: 
 
External forces driving Decision-making Tracing back historically to the factors that contributed to the introduction of Intelligent Transportation Systems (ITS) and green energy solutions into the city of Champaign indicates a reliance on federal transportation policies. Company officials and consulting firms approached the city and recommended the addition of technology to city streets to allow the city to take advantage of tax incentives, grants and credits offered by federal agencies. Infusion of private capital and opportunities for public-private partnerships drive the adoption of newer technologies by the city. The city also factors the maturity of the technology and the scope for infrastructure upgrades required but is expected to be among the early majority adopters of new technologies in the Champaign-Urbana region.   
 
 
Past Performance The city of Champaign were early adopters for Pedestrian crossing signals, LED signals and countdown signals. Currently, it is in late-stage discussions on rolling out dock-less bike sharing. Urbana and Champaign were concurrent in implementing bike infrastructure improvements starting in 2009. However, while Urbana has a bike plan and a dedicated commission for it, Champaign has not adopted a bike plan yet, but is reliant on the transportation plan which has a bike vision plan. The city has been dependent on CCRPC for general direction on long-range transportation planning as well as Greenways & Trails planning in the past. However, the city prefers to be self-reliant on decision-making and prioritization of transportation related projects in the past.  
 
State or federal requirements (guidelines, standards, mandates)  Funding levels Need of the community Political will Others 
Government Actions and Public-Private Collaboration Transportation Policy (How ITS came about) Federal Tax incentives, grants and credits (Consultants and Company officials influence city for contract) Public-Private partnerships (Consultants and Company officials influence city for contract) Influx of private capital into sector (From TNCs) 
Technological Development City level Traffic and Mobility Technologies and infrastructure to accommodate CAVs 
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Potential roll-out strategy  The city of Champaign will wait for the technology to be rolled out in major adjacent metropolitan regions such as Chicago and St. Louis first before embarking on a pilot on their own. Early learnings, reception and adoption of the technology in these areas will determine the future course and timeline of actions. Potential implementation of this technology is expected to be allowed to start in areas close to campus town in Champaign city owned streets. This is because the non-driving populations are higher in these areas and the people are expected to be open to change and experimentation. Since Freight fleets are expected to be automated faster than personal vehicles, FedEx is expected to be an early adopter within the city. The city expects the need for possible upgrades to infrastructure along their freight routes to accommodate this.  In terms of infrastructure upgrades, the city expects the traffic signal technology to keep at pace with trends in the sector. However, incremental changes to infrastructure is more likely rather than an introduction of an entirely new tech or reconstruction of roadways, infrastructure. The latter requires significant investment and so is restricted to external funding availability.  
 
Anticipated Impacts The city points out that congestion is not a major pain-point for commuters in the C-U region as compared to other major cities. So, it does not see CAVs as a direct reason for sprawl in Champaign. The city expects Infrastructure (water, sewer lines) to be a more influential factor. CAVs are expected to be only a secondary driving factor if at all. However, the city anticipates market forces to drive sprawl developments along the interstate between cities in the region as well as within peripheral urban areas such as Mahomet and Rantoul.  The city opines that Champaign-Urbana is a regional shopping area for rural communities and those communities are never going to have infrastructure in place to support this tech.  
 
Current Status The city is currently not thinking ahead for the advent of CAVs. It is not a ‘day-to day’ issue. No existing plans of the city mentions CAVs. The city is not concerned about preparedness now as, in its opinion, the technology is in its infancy and the lack of and presence of conflicting information available on the topic makes it difficult for it to have a coherent strategy.  The current transportation plan with a horizon of 20 years is old. The plan is concerned primarily on complete streets policies. There are no plans currently to update this plan. But city is expecting an update to its comprehensive plan (last updated in 2011). The city intends to depend on directives from the LRTP as in the past.  
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The city optimistic about its general outlook on the subject; confident that it will be able to deal with it when the time comes but confesses that it is not prepared today to do anything about it.  
 
Future Planning & Funding  The city expects that when the city’s transportation plan gets updated, CAVs will be included as a subject area under consideration. Currently the city does not have financial capacity to hire consultant. All Planning work is done in-house and so, it is unlikely to update in the near future.  Planning for transportation needs is typically centered on safety, and not trying to solve traffic flow or congestion problems. Funding availability for safety upgrades is the main driver – especially upgrades to bike and pedestrian facilities. Champaign has a gas tax. The city council is open to tax and user fees increases but not often and only in special cases. Any introduction of a new funding stream depends typically on the council at the time driven by the urgency of the need and overall benefit to the community. Council members like user fees especially if the users are not residents. Zoning and land-use ordinance are generally easy to pass through the council. The city expects Impact fees as a way to pay for improvements which is going to be paid by developers who, in-turn, passes onto users.  The city is unlikely to ever implement a hard development boundary to curb sprawl. But as is mentioned in the current comprehensive plan using a tier system of restrictions is more likely. The last comprehensive plan used a fiscal impact analysis of land uses to show which uses of land paid for itself, and which don’t. That analysis was able to drive priorities in the land use for the future. But, there is no political will to give any strict prohibition of development. The city council understands the need for responsible growth and points out to the fact that no new residential subdivisions were approved in the fringes of Champaign in the last ten years and that there have only been infill developments in the city since 2008.  
 
Outlook on Possible Scenarios 
Best Case Scenario: “We started conversation early and was ahead of the curve.” 
Worst Case Scenario: “Along the way there was not enough funding. We are facing inefficiencies, safety issues and issues with long-term maintenance of the built-infrastructure because of lack of funding and other competing needs of the community and less to do with the capabilities of the tech). We were reactive, close-minded which leads to businesses leaving and the city shrinking”.  The city took the example from its past of how North Prospect had ‘happened’ to Champaign and how the city was largely reactive to it.  
Realistic Scenario: “Mostly proactive but in some aspect reactive because of associated uncertainties; not being enough forward thinking.”  
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Stakeholder Profile 
City of Urbana 
Technology Adopter Type 
 
Description The city of Urbana is relatively progressive in terms of social issues of equity and affordability, especially to non-driving populations. It consistently supports active modes such as bike and pedestrian projects over low occupancy personal vehicles and favors transit. As a city with predominantly middle and income populations including a high student population, the city is cost-sensitive to projects, favors operational and cost efficiency over convenience, and conservative in approach to prioritization of ‘non-essential’ projects. The city has a ‘strong mayor’ form of government and individual council members can often influence projects directly. The city is process-oriented with advisory committees on important subject areas and decisions taken with extensive planning and community engagement efforts.  
 
Role and Capacity The city of Urbana will play a role in the following: 
• Zoning 
• Land Development 
• Economic & Community Development 
• Infrastructure Improvements 
• Comprehensive, Neighborhood and Specific Subject/Area (Active Modes) Planning 
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However, the city exhibits a collaborative inter-dependence with CCRPC and rely on the Long-Range Transportation Plan from CCRPC for general direction and guidance including getting an understanding of the tech, capabilities, impacts, benefits, and priorities for infrastructure and transportation improvements.  
 
Decision Making The decision-making process in the city of Urbana is process-oriented. Equity is central to determining policies for the city. While political will and the needs of the community becomes determining factors for community development, law enforcement and fire department policies and projects, political will does not play a major role in decision-making for public works. The city’s Capital Improvements Plan which is handled by the Planning Department, have gotten approved without issues in the past and is not a politically contentious issue. However, decisions regarding changes to the Zoning & Ordinances and project implementation in neighborhoods can often be driven by the political capital of councilmen. Even the process can often get laborious, updates to land regulations and project implementation occur with adequate edits. The city is receptive to professionals, public, and the planning commission board. The city of Urbana has a stronger public engagement process in place which is a major component of project prioritization and policy formulation.  The improvements to the infrastructure today is driven by condition of infrastructure, volume of traffic and presence of active modes on a roadway, and bus routes, and funding. Funding priority is given to improving access overall to the community, not just to those who use a car. The following are the factors that will contribute to the decision-making process for the subject of CAVs ranked:  
 
External forces driving Decision-making The city of Urbana will be dependent primarily on federal and state funding resources and guidelines to direct their decision-making for project selection and execution. As the city is middle-income with high student population (low-income members), it will need to dependent on these public funding sources and will need to explore public-private partnerships in the future.  
 
 
Other – Asset Management Process (status and maintenance) Funding levels Need of the community State or federal requirements (guidelines, standards, mandates) Political will (strong councilmen might promote certain improvements such as bike facilities) 
Government Actions and Public-Private Collaboration Federal Funding & Transportation Policy  Federal Tax incentives, grants and credits  Public-Private partnerships  State Budget – Grants for local bodies, University funding, tax incentives and credits 
41 
 
Status The city of Urbana has a Comprehensive Plan adopted in 2005, Bicycle Master Plan updated in 2016, a Downtown Plan, and Historic Preservation ordinances. Urbana also became the first Gold-level Bicycle Friendly Community in Illinois by the League of American Bicyclists (LAB) in 2014. No existing plans of the city mentions CAVs. The city does not consider the advent of CAVs as a major part of short-term planning goals. Although there is recognition that the technology would have wide ranging impacts on the city, no discussions about this subject has been conducted so far among departments.  The city does not want to plan ahead for CAVs until it gets guidelines and funding opportunities from federal and state governments. Considering the looming uncertainties related to liability and cyber security as well as misinformation on the various expected impacts, the city sees it wise to wait before acting or planning ahead. For long-term transportation planning, the city supports investment in high speed rail rather than auto-oriented infrastructure developments.   
Potential roll-out strategy & Anticipated Impacts The relatively lower financial capacity of the city of Urbana forces it to be price-conscious in its project prioritization in the future. Facility improvements for active modes and transit will continue to become the top focus in transportation infrastructure projects. The city is likely to concentrate on the most cost-efficient alternatives for operation and maintenance of its inventory and selection of projects for CAV technologies. The city is more likely to explore CAVs for para transit through ride-sharing companies to act as a compliment to CUMTD’s transit. The city will wait and watch until other cities adopt changes, wait for the technology and policies to mature and prices to drop before making significant investments.  The major concern for the city is the matter of equity. They believe that technology might strongly favor wealthy citizens and is likely to benefit them more unless the city takes policy decisions that ensure equitable distribution of CAV technologies among its citizenry to improve accessibility and affordability.  
 
Future Planning & Funding  A projected increase in the volume of cars on the city roadways is likely to be the primary trigger for the city to invest in planning and infrastructure efforts in CAVs. As a response, future planning efforts is likely to be oriented towards more active modes (walking and biking) and transit. The Police Department (enforcement, control, education) and Community Development department are likely to be actively involved in decision making pertaining to funding, implementation of projects and infrastructure improvements in the future. Infrastructure upgradation is likely to be restricted to retrofitting of existing technologies and infrastructure. The city is also open to development restrictions if land development projections show sprawling as an indirect adverse effect of CAVs.  The city of Urbana will not be able to come up with funds on its own. The city will be dependent of state, and federal grants as well as public-private partnerships. The city is likely to invest its own money only 
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if it sees tremendous benefits. CAV concerns are unlikely to be able to compete with other more pressing priorities. For new funding streams, the city is open to implementing user and registration fees over VMT based fees as it might disproportionately affect rural populations who drive more. The move towards VMT will depend on state legislation as was in the case for the gas tax in the past.  
 
Outlook on Possible Scenarios 
Best Case Scenario: Achieve relatively high levels of access, affordability and equity. Ride-sharing fleets become ubiquitous and is convenient for everyone. Dramatically reduce crashes and improve safety.   
Worst Case Scenario: CAVs become a technology that only the wealthy can afford and benefit from. There are widespread issues with non-coordination of traffic systems and efficiencies and safety performance drops. Knee-jerk and reactionary policies taken that favor a shift back to cars instead of active modes and transit causing sprawl. The city becomes myopic in reading trends and invests heavily in upgrading costly infrastructure that become obsolete. As Urbana cannot afford to make costly mistakes, the results are disastrous for the financial health of the city.  
Realistic Scenario: The financial capacity of Urbana entails a slower roll-out of CAVs primarily in the form of fleets as a compliment to the community’s transit needs.                  
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Stakeholder Profile 
Champaign-Urbana Mass Transit District 
Technology Adopter Type 
 
 
 
Description The Champaign-Urbana Mass Transit District (MTD) is the public transit provider for Champaign, Urbana & Savoy and on the campus of the University of Illinois, offering mobility options that include buses, rides for seniors, ADA Paratransit, and resources to encourage walkability, biking, and safety. The agency is best poised to be an early adopter and lead the region on early CAV tech pilots and experimentations, adoption and planning. CUMTD is relatively technologically advanced and open to taking risks and adopting new nascent technologies compared to peer agencies. CUMTD is well positioned to adapt to the new technology, equipment and staffing level requirements and is capable to finance part of the funding needs with ease depending on scale and scope of project. The agency exhibits commitment towards environmental, safety and social justices causes.  
 
Role and Capacity CUMTD identifies its role as the leader in the region in providing publicly available mobility options. It has set its vision beyond traditional boundaries of providing transit through buses and advocates for pedestrian, bike, para-transit, and even single occupancy vehicles. It sees itself uniquely positioned to be the agency in the region to take early steps into adopting CAVs, and along with CCRPC, to be leading voices to start working on piloting, adopting and planning for CAVs. CUMTD opines that as multi-city regional entities, CCRPC and CUMTD can approach the subject of CAVs in a holistic manner, partner with the cities and the University and avoid siloed thinking.  
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Thus, Champaign-Urbana Mass Transit District will play the following role: 
• Be the primary regional public mobility provider 
• Lead the region (along with CCRPC) on early CAV tech pilots and experimentations, adoption and planning. 
• Advocate for active modes and sustainable, affordable, and safe public mobility options 
• Conduct mobility studies and impact analysis, Long-range Strategic Planning 
• Early CAV Fleet adopter and operator.   
Decision Making CUMTD is among a small group of high ridership transit agencies in the country that are relatively technologically advanced and open to taking risks. There are at the “leading-edge but not necessarily bleeding-edge”. It is willing to emulate and be inspired by other agencies. As their majority riders are tech savvy students, they are constantly on the lookout for the latest innovations in mobility and safety to keep up with the changing needs of the community. The board is open-minded to experimentation and adopting new nascent technologies.   The following are the factors that contribute to the decision-making process ranked: 
 
 
External forces driving Decision-making  The external forces that affect CUMTD’s decision-making are often led by government policies, changes in design and technology within the high capacity vehicle industry, shifts in business-models and changes in demand from its riders.  
 
 
 
Funding levels State or federal requirements  Need of the community – students have high tech expectation, safer mobility options.  Others -  Uncertainties associated with the tech and unexpected trajectories that tech can take Political will – not generally an issue 
Government Actions and Public-Private Collaboration Federal Transportation Policy  Public-Private partnerships 
Socio-Economic Factors Non-driving urban pop growth Changes in transportation business models (mobility-as-a-service) 
Technological Development Machine learning / artificial intelligence / Image-Recognition New CAV models (changes in shape, weight, design) Cybersecurity/safety advancements in data storage and transfers 
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Past Performance CUMTD have shown financial and institutional capabilities in the past to be an early-adopter of nascent technologies. It has built capacities to provide real-time data to its users and as taken on several green initiatives to reduce its total emissions of GHGs. This includes the project to become the nation’s first transit system to have a commercial contract for 60-foot articulated hydrogen fuel cell buses. The system currently runs hybrid buses, rides for seniors, and ADA Paratransit in the region. The most recent Long-Range Strategic Plan was adopted in 2014. CUMTD is the lead agency in partnership with the cities of Champaign and Urbana, and the University, for the Multimodal Corridor Enhancement (MCORE) TIGER grant project underway. The project seeks to enhance streets on core transit corridors in C-U to bring them into a state of good repair while redesigning them to safely accommodate all users—bicyclists, pedestrians, vehicles, and transit riders.  
Potential roll-out strategy  
Pilot in Partnership with Regional MPO Both CUMTD and CCRPC see the C-U region to be viable test-bed for pilot projects and on-road testing of CAVs which can be conducted under the auspices of the state with support from the private sector. The following are some of the reasons that sets the region apart from the rest of the state as the fertile grounds for pilot projects: 
• The existence of a variety of test environments based on: 
o Pedestrian and bike levels: The campus core, the city downtowns and research park have heavy footfall of pedestrian and bicycle users several times a day providing ideal and challenging situations for CAVs to learn and adapt. The cities also have a large network of roadways with bike lanes as well as pedestrian crossings at varying kinds of land uses such as residential areas, shopping centers, educational and religious institutions, recreational and entertainment facilities etc. allowing to test different types of CAV interactions with pedestrian and bike riders.  
o Traffic levels: The region has varying types of traffic levels by the time of day (peak hours and non-peak hours), by the type of roadway (arterials, collectors, residential streets, highways, rural roads). 
o Network Infrastructure: The region has 4G LTE, fiber optic internet and broadband connectivity, and ITS on its roadways.  
o Urban Form: The region has multiple urban centers, with high density mixed-uses. It also has sub-urban residential zones of lower densities, industrial and institutional land-uses providing a wide array of urban forms to test on.  
• Transit agency with high ridership and a regional MPO looking to update its Long-Range Transportation Plan. 
• An internationally renowned engineering school that is actively researching upon various aspects of CAVs and associated technologies. The Engineering school has expressed support for piloting CAVs with CUMTD.  
• The University’s masterplan proposes a light low speed autonomous vehicle route within campus.  
• Existing tie up between IDOT and the Civil Engineering department of the University through the Illinois Center for Transportation to conduct research at the underutilized Rantoul base track to test pavement technologies and other research topics of interest to IDOT.   
• CUMTD is well positioned to adapt to the new technology, equipment and staffing level requirements and finance part of the funding needs with ease (depending on scale and scope of 
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project) in comparison to other transit agencies in the state.  The agency has an outstanding record of grants management.  
Status In the short term, CUMTD is enrolling two new 60-foot articulated New Flyer Hydrogen fuel buses to its fleet as a pilot in 2019. The agency is also investing in hydrogen production, filling and storage technologies and maintenance facilities to be completed in 2018. The agency has an internal goal to make its operations eco-friendlier with a target to reduce its GHG emissions. It aspires to use bio-gas from the Sanitary district waste processing plant and add possible installation of wind turbines to generate enough power for the electrolysis process needed to produce hydrogen to reduce the net negative impact on the environment. Solar panels will power its new and existing maintenance facilities. These efforts indicate a forward-looking agency ready to take risks and lead. It shows the commitment of the agency towards environmental causes as well as the capacity to get federal grants and the institutional ability to adopt and nascent new technologies with ease.    
Key Concerns The advent of CAVs on CU roads poses various concerns for CUMTD, both at an institutional level as well as at the regional level.  
• Managing expectations from workforce about automation and handling job security issues among staff. Even with full automation, CUMTD will still need to have staff on board for fare validation, drop off- and pick-up decisions, helping riders etc. CUMTD recognizes that drivers provide valuable intangible services to riders which will not be easy to be emulated by autonomous vehicles. This gap must be filled in by autonomous vehicles for full adoption. So, there is an opportunity to absorb the technology and maintain the employments. During the adoption cycle, CUMTD believes that the automation rates of the activities can compensate for the attrition rates of the employees. CUMTD has currently driving shortages, so the agency will have an immediate ability to absorb the tech because of the deficit in hiring drivers. Initially, automated vehicles can fill in the overtime for existing employees and reduce the gap.  
• A future scenario in which there is proliferation of single and zero occupancy vehicles. Empty cars on the roads might increase traffic volume on the road leading to congestion affecting on-time performance of the CUMTD fleet.  
• The need to strike a balance in the number of parking spots and spur infill development opportunities. University has lately concentrated on building more and more parking structures. CUMTD suggests another Campus Area Transportation Study (CATS) to be conducted to address this issue at the earliest.   
• Uncertainties associated with the tech and unexpected trajectories that tech can take. 
• The level of preparedness of CUMTD will depend on uncertain factors of future availability of funding and resources.  
• Fear of close-minded and restrictive legislation by federal or state government.   
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Future Planning & Funding  CUMTD foresees the addition of CAVs as a subject matter to its next update (in the next 5-10 years) of the Long-Range Strategic Plan last updated in 2014. The agency expects to be one of the early adopters and is interested in piloting the technology earlier than most other agencies in other similar cities.  Depending on the scale and timeline of CAV adoptions, CUMTD’s strategic planning efforts is likely to include and deal with:  
• Greater emphasis of bike, pedestrian, public transportation and infrastructure. 
• Lowering services to low density areas to improve efficiency. With AV tech, CUMTD can pull back from serving certain areas to improve efficiency, by making sure those areas are still served for mobility through CAVs managed by ride-sharing companies. 
• Introduction of multi-capacity smaller AV fleet services to bridge last-mile gaps, reach mobility deficient communities and ride on roads built for low weight vehicles.  
• Adding expertise: Running an autonomous system will require new experts to be hired. At a macro -level the agency is adept to new technologies in the field overall, but CAV technology will require certain specializations.  
• Prepare and plan for a possible merging of transportation agency into a super-regional agency because of ubiquitous deployment of CAVs 
 
Outlook on Possible Scenarios 
Best Case Scenario: CUMTD is in balance with the needs of the community. Adoption of CAVs by transit system and utilization of the technology to serve underserved areas. Low capacity vehicles reduce congestion by being able to share rides and reduce parking needs rather than being used for individual trips clogging roadways and causing congestion.  
Worst Case Scenario: Proliferation of CAVs with no reduction of total vehicles on the road – merely one-for-one replacement with AVs. Increased vehicles on the roadways lead to congestion and a decrease in on-time performance for transit and lowering the standard of living. With less need for public mobility options, the role of the agency diminishes to running a smaller fleet and remains at the primary role of coordinating of regional mobility options. 
Realistic Scenario: CUMTD’s role as mobility advocate and manager will continue. CUMTD might be the largest provider but certainly not the only one. There will be a mixed bag of providers. The balance of CUMTD with community needs reached more organically.      
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Stakeholder Profile 
University of Illinois at Urbana-Champaign 
Technology Adopter Type 
 
 
Description The University of Illinois at Urbana–Champaign is the flagship campus of the University of Illinois system and a land-grant institution in Illinois. While it owns parking facilities, roadways and active transportation infrastructure, the university typically enters into intergovernmental agreements with the cities and CUMTD for its transportation related projects and transit needs. The university’s most recent Masterplan proposes the deployment of light low-speed AVs in two routes on campus on dedicated lanes. Although it is highly unlikely to be executed as proposed, the masterplan mention is indicative of an aspirational goal to deploy AVs within or through campus town to meet student needs in the future. The university is highly receptive to safety and sustainability initiatives and listens to student and departmental requests. However, the university is unlikely to undertake this project unless nudged by regional partners, top-management and/or an interested private AV company. The university usually leave other premier public institutions to experiment on university-wide technological adoptions and waits for early adopters to show results before embarking on adoption itself.    
 
Role and Capacity The university is unlikely to adopt the role of a lead in any transportation project unless all the streets, signals and routes are only within university limits and ownership. However, usually cross-jurisdictional streets and areas, including university district, will there require any collaboration with the cities and transit agency. Today, there is collaboration in terms of information sharing, street usage, signals, signage, stop locations, etc. between the various regional entities on campus.  
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The university usually enters into an intergovernmental agreement with the other stakeholders and designate one of them to lead, as was the case with the deploying of Zipcars with CUMTD. This process is likely to be followed for the adoption of CAV on campus streets.  
 
Decision Making Decisions for CAV projects must be taken at by top management for any significant progress to occur. The introduction of CAVs on campus roads as a student transportation option will likely need to be a collaboration between Facilities and Services, the Chancellor’s office, the President and the committee. They would want the following questions answered to be considered for approval: 
• How much will it cost? 
• How will it benefit us? 
• What is the risk? Scrutinized for risk management - Insurance and legal for liability.  
• What is the return on it? 
• Who is going to run it? 
• Who is going to oversee it? 
 The university is highly receptive to safety and sustainability initiatives and listens to student and departmental requests. An initiative from the engineering departments for an in-house pilot project or research initiatives is likely to be received well. However, the university prefers not to put itself in legal jeopardy and liability for cause of harm to any student. Unless the technology promises to substantially increase safety on campus, improve connectivity for students, aligns with the university sustainability goals, and becomes of matter of prestige, the university’s leadership is unlikely to throw its support behind it.    
External forces driving Decision-making The university will be receptive to providing services to students that improve their safety on campus and improve access to the disabled. An increasing demand from non-driving urban population (mostly students) to enter campus town using ride-sharing, on-demand or personal CAVs will force the university to explore the options for adopting CAVs. Academic research outcomes and campus-wide deployment of CAVs in other competing peer premium public universities will make it a prestige issue for the university to adopt early. However, it is likely that the university will wait for the capabilities of the technology are proven and rendered safe for public roads before adopting them on campus roads. The university will be open to an interested private CAV low-speed campus mobility provider at this time and is likely to enter into an intergovernmental agreement with CUMTD to give oversight over operations and compliance.  
Needs of the student Political Will – Safety Funding levels Other – Operation, Maintenance, Staffing  State or federal requirements (guidelines, standards, mandates) -  not allowed to directly apply for federal transportation grants but required to follow standards.  
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The following are the external forces that will drive decision-making by the university:     
 
Masterplan Mention  The University of Illinois Master Plan adopted in December 2017 proposes autonomous shuttles to be deployed on two intersecting routes, as simple, linear, “out and back” models on Peabody Drive on South campus, and South Mathews Avenue, on east side of campus. It also proposes a third route to link the university to the Illinois research Park to the core campus. The aim of the program is to “greatly enhance physical access between academic and student life facilities, as well as increase collaboration among research institutes in both corridors”. The routes would also connect parking garages and residential neighborhoods at the periphery of the campus to destinations in the core.  
 
Figure 30: Masterplan mentions of Proposed CAV shuttle 
Source: Campus Master Plan (Final Presentation), Slide 17  
Socio-Economic Factors Non-driving urban pop (student) growth – if alternatives don’t exist /because of preference/lack of access/safety. 
Government Actions and Public-Private Collaboration Academic Research & Development – including initiatives by other premier institutions Public-Private Partnerships – through a bidding process Influx of private capital into sector 
Consumer Preferences Desire for on-demand services - (like safe rides) Eco-consciousness – The University heavily favors sustainability initiatives. 
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Figure 31 Proposed CAV shuttle route street section 
Source: Campus Master Plan (Final Presentation), Slide 18 
 The proposal seems to assume that the University gains ownership of operations of the street and the vehicle. The proposed streets will have dedicated AV shuttle lanes and active modes with no normal vehicular traffic.  
Discussion The city of Urbana owns many of the streets along both the proposed intersecting routes. The city has significant revenues from metered parking on the streets. So, the proposal on Mathews Avenue is unlikely to occur unless the University buys the street out from Urbana. This is improbable as the university is unlikely to spend such high amounts and the city is unlikely to give up a major revenue source. On the other hand, the Peabody route is mostly owned by the university (upto 4th street) and Buses don’t run on the stretch which makes it a viable option.  The idea for the autonomous shuttle came from the design consultant working on the Masterplan. The idea was not proposed by the Illinois facilities and services’ Transportation demand management. The idea came about among the compilation of ideas collected from various university entities during the planning process. However, the proposal did not raise any serious alarm or opposition when included in the Masterplan but was requested by CUUATS and the city of Urbana for further study to be undertaken before implementation. The proposal had not been studied before being included into the Plan. The Masterplan developed does not seem to have complete alignment with all the existing transportation studies and plans of the university. This is evident from the proposals for the removal of roads and addition of facilities. Thus, the CAV shuttles were proposed without any empirical studies or updated transportation impact studies. The companies Navya Arma and Varden Labs mentioned in the Masterplan is used as an example for illustrative purposes. There has been no attempt to contact or invite these companies to the campus.  
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Alternative roll-out options  When the university is open to adopting CAVs on campus: 
• An interested CAV company or vendor approaches the university with a proposal for low-speed autonomous shuttles to run on a fixed route and gains support from top-management. University hands over vehicle maintenance and operations to a third party through a license to operate. The technology is unlikely to have been developed in-house. The university would see and learn from running projects in other universities in practice before adopting. The university is likely to test it out first for a small segment outside the core first before bringing it into the main streets used by students in the campus. Research Park is an ideal candidate for the testing as it is a safer environment away from the high pedestrian bike interaction in the campus core.  
• If a ride-sharing TNC is interested in a fleet on campus like Zipcar and dock-less bike sharing system, the university refers them to CUMTD and then collaborate with all stakeholders. The TNCs should have running fleets in other campus town or similar pedestrian and bike conditions to stand the chance of getting approved by the university.  
• If researchers, faculty and students want it, the technology proves itself to be safe and compels the university to invest, then the university is likely to partner with CUMTD to execute the project. CUMTD will operate and maintain the fleet with technical support from the researchers in campus. This will also be introduced into core campus only after rigorous testing on lower-traffic roads.  In all the cases above, the roll-out is likely to occur only after rigorous testing on non-campus roads and possibly on the research park before introducing them on campus roads.  
 
Status There is no timeline or plan in place to execute the proposal mentioned in the master plan. Since only a small portion of the previous masterplan was able to reach fruition, and that no funding has been allocated to conduct an empirical study to lay the ground-work for this project, indicates shows the aspirational nature of the proposal. CAVs are not a priority area for planning now. It does not solve a problem that exists today that cannot be solved with some other existing tested technology. There is no sense of urgency. The university does not have a transportation plan. The Masterplan was expected to address this deficiency but failed. However, the university has a Parking Masterplan. However, the campus masterplan (2017) and the parking masterplans (2016) does not align.   
 
Outlook on Possible Scenarios 
Best Case Scenario: The CAV is piloted on a safe low pedestrian traffic area. Students and faculty adapt and accept the technology and drivers learn how to yield it. After extensive testing, the technology is introduced into core campus and is in the best route after studies – greatly improving safety and connectivity.    
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Worst Case Scenario: The implementation occurs without consultation, coordination, adequate study and planning causing confusion and poses a safety threat for students. The infrastructure and the people are unprepared. Fear of backlash and lawsuits compel the university to ban the use of CAVs on campus roads.  
Realistic Scenario:  A combination of student and faculty demand, external interests and an interested company brings CAV technology to the university’s attention for adoption. CUMTD comes to the university with a proposal for piloting, oversight and operations. The technology gets accepted after some initial hiccups.  
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Summary Below is the summary of the Stakeholder Profiling exercise.  
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Scenario Building Process To understand and structure the varied trajectories or paths or ways in which the future may unfold, a scenario matrix is helpful. The matrix has three components – The latitudinal axis containing the external forces (both desired and undesired), the longitudinal axis containing the responses of internal stakeholders (both desired and undesired), and the four intersecting cells which will constitute the four scenario products of this project. The structure allows us to see four permutations of the possibilities described clear understandable narratives for easy comprehension. It needs to be noted that each of the scenarios does not present one complete future but merely the extremities of the possibilities. The future that ultimately unfolds will float within all the possibilities presented in the four scenarios but is likely to concentrate closely towards one. Figure 32 shows the scenario structure.  As the chart (see figure 32) explains, the process started with the literature review that informed a comprehensive list of external forces, gave directions on possible impacts and consequences, and appropriate recommendations. The Stakeholder interview allowed to filter the comprehensive list of external forces (see appendix) into a shorter, more relevant list. These are the external forces that are likely to influence the decision-making of stakeholders within the C-U region. The interviews also allowed to create detailed stakeholder profiles for each of the stakeholders to better inform their likely responses. These two results of the stakeholder interviews were used to populate the Row and Column headers of the Scenario Structure. The intersection of the external forces and the internal response constitute the four scenarios described in terms of impacts/consequences. Finally, the literature review informed possible remedies in the form of recommendations for each of the four scenarios. 
Figure 8 Scenario Structure 
Figure 33 Scenario Building Process Chart 
 
Process Chart 
Drivers 
Desired External Forces Undesired External Forces   
Government and Private Sector Actions Federal and State Funding and Transportation Policy A proactive federal transportation policy allows NHTSA to create policy mandating DSRC V2V, V2I and V2X capabilities in new vehicles and creates incentives for retrofitting older vehicles with DSRC connected vehicle technology. 5G Network becomes standard and CAVs can operate nationwide.  
A reactive federal transportation policy leads to fragmented rulemaking by NHTSA. There are uncertainties about the roll-out of DSRC V2V, V2I and V2x tech, and 5G network coverage nationwide.  
DOTs, MPOs and local governments invest in CV infrastructure using CAV targeted funding streams, tax incentives and credits from federal and state sources on public real-estate.  
Inadequate funding for much-needed CV infrastructure upgrades and maintenance leaves local governments and MPOs struggling to keep up with the infrastructure demands of the private sector roll-out of CAVs. Only a small subset of well-endowed DOTs is able to make sufficient investments in infrastructure.  
Federal and state governments adjust infrastructure, land-use & environmental, cyber & data security, CAV vehicles & service safety policies to foster cooperation between public and private sectors on: 
Lack of cohesive, holistic and coordinated approach to mandates by federal and state governments regarding infrastructure, land-use & environment, cybersecurity, and safety standards lead to:  
•         Data and infrastructure safety and security •         Fragmented and slow roll-out and adoption of CAVs 
•         Facilitate mobility as a service •         Urban sprawl and deteriorating environmental performance of real estate and vehicles 
•         Implement smart-growth policies •         Travel remains commodified 
•         Facilitate on-demand services •         Threats to safety and privacy 
•         Facilitate new real-time dynamic pricing options •         Disproportionate impacts on cities and communities based on local preparedness 
  
•         Lack of ability to control increasing VMT by directing traffic flows and pricing mechanisms. Public-Private Partnerships Institutional agreements on standards, cost and data sharing, pricing, operation and ownership through public-private partnerships at local, state and federal levels.  
No industry wide agreements on standards, cost and data sharing, pricing, operation and ownership between private and public sectors. A patchwork of agreements even within states result in significant regional variation.  
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Drivers 
Desired External Forces Undesired External Forces 
  
Socio-Economic Factors Aging Population Openness and consumer acceptance of CAVs by senior members Senior are not receptive to CAVs, preferring to wither drive on their own or prefer human drivers.  Preference of senior members to move closer to the city core.  Preference to move away from urban centers and campus town.  Driving/ Non-Driving Populations Desire for more active modes or transit  Active modes and transit seen as option only by campus students and urban poor.   Desire to not drive own personal vehicles increases Desire to drive own personal vehicle increases  Desire to move away from personal vehicle ownership Desire for personal ownership of vehicles increases Students, elderly, disabled and children prefer using ride-sharing CAV services to travel Students, elderly, disabled and children prefer using personal CAVs to travel Changes in Transportation Business Models Move towards mobility as a service Mobility becomes commodified 
Radical shifts in personal ownership of vehicles Personal Vehicle ownership remains dominant 
Majority VMT contribution by CAV fleets of TNCs Majority VMT contribution remains to be personal vehicles Automobile companies move beyond manufacturing and become mobility service providers 
Automobile manufacturers overcome competition from TNCs 
  
Consumer Preferences Demand for On-Demand Services New types of businesses and business models flourish. The ability to deliver services on-demand allows for optimization of inventory and reduction of cost delivery channels. The basis of competition shifts towards convenience.  
High demand for on-demand services and low cost of delivery generate intense competition among rivals. Basis of competition shifts towards speed leading to an increase in VMT.  On-demand services contribute to reduction in VMT through route optimization and economies of scale.  Local and traditional businesses and business models fail to adapt. This leads to demise of key industries that provide local jobs and market consolidation by major national and international players.    
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Drivers 
Desired External Forces Undesired External Forces 
  Eco-consciousness Climate Change awareness and the resolve to act against it gains political momentum with majority support from businesses and citizens  Consumers remain largely skeptical about he man-made impacts of Climate Change. Faith in Climate Science wanes and defeatist and cynical outlook towards the planet's future takes root in society Shifts in consumer behavior to favor lifestyles, products and services that reduce their ecological footprint.  Consumers remain unresponsive to the ecological footprint of their lifestyle choices.    
Technological Development Machine learning/ Artificial Intelligence/ Image-Recognition Technologies Advances in machine learning, artificial intelligence and image-recognition technologies allow self-driving vehicles to be vastly superior and safer than their human counterparts, even in handling unique and improbable scenarios on the roadway. 
Although machine learning, artificial intelligence and image-recognition technologies becomes superior to humans in general driving tasks, they fumble in unique and improbable situations where quick decisions are to be taken based on intuition and ethics.  Liability shifts to non-AV users on the roadway and insurance costs drop for CAVs.  Liability remains with the operator and manufacturer pushing costs of ownership and insurance high New CAV models (changes in shape, weight, design) CAVs in use by the public becomes compact, lighter, highly fuel-efficient or electric or hybrid. Consumer demand remain for large, low-efficient gas vehicles.  Interior environments within vehicles changes towards recreation, entertainment and commerce.  Consumers show resistance to radical changes to vehicle interior environments.              
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Stakeholder Responses 
University of Illinois 
Desirable Response from University 
• Top management is prepared for, receptive to and decisive on CAVs on campus. 
• University approaches CAVs to improve safety, connectivity and accessibility for all students.  
• University invests in transportation studies, planning efforts, and infrastructure upgrades to adequately prepare for CAV tech on campus. This helps to assess the benefits to students, conduct cost-benefit analysis, manage risk (liability and insurance) and safety concerns, address cybersecurity and privacy concerns and attract opportunities for private investments in CAV tech on campus.   
• University upgrades its infrastructure to safely accommodate the use of CAVs, including upgrades to communication technologies and curb-side designs for drop off-pick-ups.  
• University is supportive of in-house research on the applications of machine learning, AI, next generation communication technologies and piloting projects on campus. It sponsors projects and attract investment to the campus to attain early leadership in the technology.  
• University takes concrete steps to conduct further studies on the viability of low-speed transit CAV project on campus roads.  
• For execution of initiatives and pilots, the university enters into inter-governmental agreement with regional entities for clarity on oversight, roadway use, route, safety, design, operations, and maintenance 
• A prepared university is actively involved in negotiations with ride-hailing service providers to best meet the needs of students and indulges in rule-making for CAV use on campus that ensures high safety standards and a focus on accessibility, and active modes.  
• University strengthens relationship with CUMTD by supporting in-house CAV initiatives from CUMTD.   
• University prioritizes the use of CAVs in public transit and ride-sharing over private use.  
 
Undesirable Response from University 
• Less/No consultation, coordination, adequate study and planning 
• Unprepared for CAVs  
• Not receptive to students, regional agencies 
• Non-decisive  
• Close-minded, conservative – risk averse. Do not choose to put itself in any kind of legal jeopardy and liability 
• Reactive only when it becomes a matter of prestige 
• Unprepared for private CAV use, private investments and on-demand service providers 
• Unprepared university does not set high standards in safety, sustainability, connectivity and access from CAV users on its roadways.  
• No further studies on the Master Plan initiatives, traffic parking demand studies conducted only after impacts seen on the roads.  
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Consequence – Scenario 1 (+ +) 
(Desired Internal Response to Desired External forces) 
 
• The introduction of CAVs into campus results in radical improvement in safety and accessibility of students especially the disabled, pedestrians and bicyclists.  
• Non-driving populations on campus drastically improves with majority shares of rides onto and from campus attributed to public, shared, high capacity transit, CAVs, and active modes. Use of personal vehicles among students, faculty and university workers plummets. CUMTD captures majority mode-share among CAVs in use in the campus, running feeder low-speed medium to high capacity CAV services to connect to the main networks. 
• CAVs allow for the seamless flow of people from one place to another on campus and major hubs in the region through on-demand services, payment integration to the university system, in-campus traffic management, curb-side drop-off pick-off management etc.  
• The reduction in demand for space on the roadways for vehicles allows improvements to public space, dedicated lanes for high capacity and active modes on the right of way improving connectivity, accessibility and overall quality of life on campus.  
• The shift to shared mobility options primarily run on electric vehicles greatly reduces the carbon-footprint of the University.  
• The campus becomes a leader in the country for the in-house research and public deployment of CAV technology in institutional campuses.  
 
Consequence – Scenario 2 (- +) 
(Undesired Internal Response to Desired External forces) 
 
• The introduction of low-speed medium-high capacity intra-campus CAV services improves connectivity within campus, especially between points that are currently underserved by transit.  
• Ride and car-sharing CAVs run by TNCs enters into campus roads and gains the mode share from CUMTD’s bus system, personal vehicles and active modes.  
• Although safety, accessibility and connectivity improve on campus compared to 2018 levels, the full benefits of CAVs in drastic reduction in VMT and congestion on the roadways remains elusive.  
• Mobility-as-a-service becomes the primary business model for deployment on the campus. The basis of competition is on convenience and speed, putting stresses on the demand for public transit use and active modes.  
• Students choose to live further away from the campus. Environment impact of transportation on campus is mixed – improvement because of the usage of electric vehicles, but no major reduction in VMT (while efficiency of travel improves compared to personal vehicles, it remains much lower than transit usage. Added zero occupancy travel also becomes common).  
• Equity and affordability concerns arise among students living in ride-sharing underserved areas.  
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Consequence – Scenario 3 (+ -) 
(Desired Internal Response to Undesired External forces) 
• Masterplan initiative is shelved, not studied or implemented. 
• No substantial improvement in safety and sustainability performance on campus because of CAVs. 
• Private ride-hailing companies and private CAVs compete with CUMTD pushing transit ridership down on.  
• CAVs private & ride-hailing not affordable to a lot of the students. CAV benefits for non-driving and disables students and faculty does not reach them including ‘safe rides’ 
• Personal CAVs become a luxury item used by wealthy students and faculty on campus 
• University-wide public CAVs transit tailored for university members does not exist. 
• In-house academic research on machine learning, artificial intelligence and Image recognition for CAVs lag the rest of the premier institutions 
• Creates impacts that the university couldn’t foresee 
o Parking Demand increases 
o Congestion 
o Conflicts with active modes 
o Pick and drop off rules and infrastructure 
o Break downs of AVs on roadway 
• Curbside standards pose safety hazards for drop-off and pick up.   
Consequence – Scenario 4 (- -) 
(Undesired Internal Response to Undesired External forces) 
 
• CAVs on the roadway becomes a safety threat to students and faculty, especially to pedestrians and bikers. Accidents, injury and death increases.  
• Benefits of CAVs denied to non-driving urban populations who depend on transit, who are disabled and senior citizens.  
• The infrastructure and people are unprepared to the deluge of CAVs 
• Substantial decrease in safety and environmental performance of the campus. Frequent accidents  
• Relationships among regional partners suffer as they trade blames 
• Chaos on the streets especially on event days 
• Parking demand grows forcing the university to invest in more parking structures 
• CUMTD campus ridership drops as on-time performance suffers.  
• Unplanned investments in parking structure and repurposing of streets have fiscal impacts and creates project delays. 
• Curbside standards pose safety hazards of drop off – and pick-up of students, and disabled. ADA compliance suffers. 
• Cybersecurity and privacy concerns from students who use ride-hailing services 
• Labor unions with the university facilities protest the displacement of driving and maintenance jobs of the university fleet 
• Having to repurpose and adjust old and new infrastructure put in because of lack of due diligence. Street improvements become obsolete.  
• Fear of backlash from parents and lawsuits compel the university to contemplate ban the use of CAVs on campus roads creating a stand-off between CAV users and non-users.  
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Champaign-Urbana Mass Transit District (CUMTD) 
 
Desirable Response from CUMTD 
 
• CUMTD, along with CCRPC, takes a lead on preparing the region for the advent of CAVs.  
o Conduct early regional mobility studies, impact analyses and Strategic Long-Term Planning 
o Explores opportunities with the state and the University’s engineering schools for collaboration on early on-road trials, pilot projects to support CUMTD’s networks. 
o Engage with private companies that are developing CAVs for potential public-private partnerships or purchase of multi-capacity low-speed CAVs.  
• CUMTD continues to identify itself as the primary mobility provider in the region and advocate for safety, environmental and social justice causes.  
• CUMTD reviews its business-model to accommodate Mobility-as-a-service models and on-demand services with CAV fleets. 
• CUMTD triumphs in managing expectation of its workforce about automation and job security. The agency is able to balance addition of CAVs with attrition rates of drivers. 
• CUMTD keeps at pace with the shifts in technologies to accommodate the needs of a more efficient network as well as student riders.  
• CUMTD, along with CCRPC, takes leadership in advocating for improvements to the facilities available for active mode users, disabled, and underserved communities.  
• To improve efficiency of operations and increase accessibility and ridership, CUMTD invests in CAV first and last-mile feeder CAV services. They replace services to low-density areas with CAVs and add services on roads built for low capacity vehicles with light weight CAVs.  
• CUMTD is proactive about updating its technology as well as hiring experts who can operate high technology operations. 
• Prepare and plan for a possible merging of transportation agency into a super-regional agency because of ubiquitous deployment of CAVs.  
 
Undesirable Response from CUMTD 
 
• CUMTD cedes its leadership and becomes myopic on its approach towards the advent of CAVs.  
o Explores only within the agency for improvements to existing operations and business models and doubles down on only conventional and tested approaches to providing mobility.  
o Engages in protectionist policies when attempts for regional coordination is made.  
• CUMTD begins to see itself as a bus operator for the region rather than the chief mobility provider and advocate.  
• CUMTD begins to react only when the disruptive technology starts affecting its bottom-line. It reacts by conducting massive layoff within the agency and remove low-ridership services to low-density, undeserved communities and populations to cut costs.  
• CUMTD prioritizes primarily on the transportation of students within campus and key high ridership routes in the region.  
• CUMTD is late and lacks adequate funds to adopt enough CAV fleets conceding mode-shares to TNCs and personal vehicles.  
• CUMTD loses its prowess to keep at pace with the latest in technology to balance the technological demands of its riders.  
• CUMTD evades from advocating for active modes, sustainability, accessibility and safety initiatives as it struggles to keep operations afloat.  
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Consequence – Scenario 1 (+ +) 
(Desired Internal Response to Desired External forces) 
 
• CUMTD triples its mode-share compared to 2015 levels.  
• CUMTD is in balance with the needs of the community – keeping in pace with the technological demands of students and residents, incorporating on-demand services, dynamic demand management, remote monitoring and operations of its CAVs fleets, automation of segments of operations, 24x7 operations and ICTs for conveying relevant information to riders.  
• Seamless integration of shared modes with CUMTD as a ‘platform’, making CUMTD’s services the safest, most accessible, efficient and convenient service available to users in most areas of the region at any given time.  
• Early adoption of CAVs by transit system and utilization of the technology to serve underserved areas improves reach of services.  
• Little or no congestion on roadways and dedicated lanes in some areas result in increase in on-time performance and reliability.  
• Early testing, and piloting helped CUMTD to experiment and perfect its strategy towards adopting CAVs to enhance its services and gain early in-roads in the region before the take-off of personal CAVs.  
• CUMTD is financial secure and can cross-subsidize and provide services to most residents, even in rural areas and satellite towns in the region.  
• CUMTD’s success helps region meet its sustainability goals by drastically reducing GHG emissions, reduction of personal vehicles on the roadways, encouraging infill developments and drastic reduction in excess parking.  
• Transportation costs of households plummets as affordability and connectivity greatly improves.  
• CUMTD remains a major employer in the region for both skilled and unskilled workers.  
 
Consequence – Scenario 2 (- +) 
(Undesired Internal Response to Desired External forces) 
• There will be a mixed bag of providers. The balance of CUMTD with community needs reached more organically. 
• CUMTD’s role as mobility advocate and manager will continue. CUMTD might be the single largest provider but certainly not the only major one.  
• Transportation Network companies and car-sharing services dominate the public transportation space, eating partially into the regional mode-share of CUMTD.  
• Stiff competition from TNCs and the private sector affects the operations and finances of CUMTD. It is forced to compromise some of its equity, sustainability and affordability goals to cut costs. 
• CUMTD loses exclusive priority status on roadways as well as political clout within decision-making circles as it is forced to share them with the new entrants.  
• Although ridership and mode share grow marginally over decades, the growth is driven primarily by exogenous forces such as state and national policies and shifts in consumer preferences. CUMTD fails to capitalize on this wave and cedes its supremacy to TNCs. 
• Due to a lack of preparation, and adequate studies in advance on the impacts of CAVs, CUMTD struggles to adjust to unexpected effects, and unanticipated needs.  
• Lack of prolonged investment in technology by CUMTD makes their service outdated in comparison to the TNCs. Consumer loyalties sees shifts.  
66 
 
Consequence – Scenario 3 (+ -) 
(Desired Internal Response to Undesired External forces) 
• Proliferation of CAVs with no reduction of total vehicles on the road – merely one-for-one replacement with AVs.  
• Personal automobile manufacturers triumph over public and shared CAVs in receiving consumer loyalties. Lack of adequate federal and state programs to incentivize the adoption of higher capacity and shared CAVs see local impacts.  
• Public transportation and shared modes compete on a niche market of a minority of consumers who have embraced the merits of urban living, compact urban environments and the benefits of sharing.  
• Most of the transportation problems of today remain unsolved as the CAV promise fails to deliver.  
• Proactive planning and preparation by CUMTD is able to make local transportation investments a priority subject in the development process.  
• While the CUMTD CAV first and last-mile fleets are able to serve a portion of priority and underserved communities in the region, CUMTD struggles to fight against odds to match up with its mission of serving as the regional mobility provider for all.  
• CUMTD’s CAV investments within campus town bear results – improves connectivity within campus while it loses ridership among non-student residents of the cities.  
• While proactive investments in facilities and technologies make the service provided by CUMTD better in terms of reliability and quality, it fails to attract enough footfall/traffic as was projected. CUMTD struggles to show significant results for its investments.  
• As the basis of competition with Personal CAVs is locked in at ‘convenience’ and ‘individual freedom’, CUMTD must make significant investments for marginal gains in loyalties making growth projections unrealistic.  
 
Consequence – Scenario 4 (- -) 
(Undesired Internal Response to Undesired External forces) 
• Increased vehicles on the roadways lead to congestion and a decrease in on-time performance for transit and lowering the standard of living.  
• With less need for public mobility options, the role of the agency diminishes to running a smaller fleet as CUMTD’s primary role of coordinating of regional mobility options weakens.  
• CUMTD’s operations become heavily subsidized and receive criticism from residents and the student population for low quality service. 
• Renewed exurban sprawl makes ensuring connectivity through public transportation options for all financially unsustainable. 
• CUMTD’s services are largely restricted to campus town and is seen as relic of the past that needs preservation because of its historical value and the access it gives to a few underserved minority communities.  
• CUMTD’s political clout diminishes as personal CAVs become the priority in roadway investments.  
• Outdated technologies and unreliability and low quality of customer service makes CUMTD a poster-child for a failing, inefficient and irresponsible government. Calls for privatization arise.  
• Affordability, accessibility, environmental sustainability and equity suffers – underserved and vulnerable communities directly hit by low or absence of public options for travel. 
• CUMTD becomes largely a student mobility provider within campus and the only transportation option for the poor. It is kept alive on ‘life-support’ because of its commitments to the cities and the university.  
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Cities of Champaign & Urbana 
 
Desirable Response from the Cities 
 
• City of Champaign becomes an early adopter and is willing to promote experimentation of new technologies. The city volunteers to devote controlled spaces and invests in technological and civil infrastructure improvements for pilot programs near campus in the early 2020s.  
• Both cities use/follow recommendations/directions from CCRPC as a framework to draft a strategy on public private partnerships with transportation network companies. The cities negotiate to attain community benefits and mandates for sustainability, affordability, equity related causes for its residents.  
• Champaign’s Planning and Public Works departments hire experts when required to plan-ahead in-house. Urbana allocates resources to study opportunities with the help of CUUATS. Both cities invest in infrastructure upgrades in anticipation of the roll-out of CAVs at different scales incrementally based on available capacities. Incorporates CAVs and its implications in the updates to the cities’ comprehensive plan and transportation plans. The city council is supportive. 
• The cities are cognizant of the potential impacts of CAVs on the urban form and legislates proactively to address concerns using Land-use, Zoning, development rule-making.  
• The cities are responsive to federal and state guidelines, requirements, mandates, federal incentives credits, and grants and manages to attain funding opportunities for planning, safety and upgrades to the infrastructure for vehicles as well as residents choosing active modes.  
• The cities are able to balance regional goals and local goals, maintaining a systems-thinking approach to collaborate with regional stakeholders. 
• The cities provide support and resources while working alongside CCRPC and CUMTD to conduct pilots and deploy CAVs on multi-jurisdictional routes and roadways.   
• The cities are conscious of rural-urban disparities that is likely to arise because of CAVs and enact policies to reduce its impacts.   
• The cities are open to enacting progressive and alternate funding sources such as parking reform, registration and user fees, location and route-based charges etc. to incentivize residents to use CAVs efficiently and responsibly.  
• The city of Champaign charges developers impact levies to curb sprawl (tier system of restrictions in land use) and provide incentives to ensure smart and sustainable growth.  
• The city of Urbana works closely with CCRPC and CUMTD, to ensure connectivity to all through frequent on-demand reliable shared vehicles. The city closely watches the progress of pilot projects and implementation projects to assess priority cost-effective projects to invest in. The city council garners community support.  
 
Undesirable Response from the Cities 
• The cities become myopic, reactive, siloed, inward-looking favoring local issues over regional concerns. Regional coordination on pilot programs and multi-jurisdictional deployments become arduous.  
• The cities fail to read trends and plan early. They struggle to keep in pace with the technology requirements for the safe deployment of CAVs and is forced to invest heavily in upgrading costly infrastructure quickly rather than incrementally affecting their financial security.  
• Personal Vehicle owners garner excessive political clout in decision-making bodies affecting rule-making and regional performance on meeting log-term goals. 
• Local rule-making on development controls such as Zoning and land use ordinances, parking reforms etc. remains static as consensus building becomes an issue.  
• The cities do not create a coherent in-house policy towards TNCs and other private companies in the CAV space and is unable to negotiate robust community benefit agreements.  
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Consequence – Scenario 1 (+ +) 
(Desired Internal Response to Desired External forces) 
 
• Achieve high levels of access, affordability and equity. Shared CAV fleets become ubiquitous and is convenient for everyone.  
• Dramatic reduction in crashes and increase in safety.  
• The cities were ‘ahead of the curve’, able to handle uncertainty well, anticipate and mitigate negative impacts, and support and augment positive impacts.  
• Timely parking reform and development strategies lead to densification of urban cores through infill mixed-use development.  
• Boon for active modes as the region surpasses equity, connectivity and accessibility goals.  
• Both cities see higher standard of living with access to high quality public spaces and green open spaces, proliferation of active mode usage by the citizenry, and embracing of urban living. Transportation in and near regional cores dominated by public transit allowing for greater synergies between home, work (jobs) and commerce (businesses).  
• Transportation related costs by households drops as the system attains high efficiency, reliability and ridership. Seamless multi-modal flows become a norm.  
• The cities are secure electronically (cyber) and financially. 
• The region becomes a poster-child for the nation for deriving maximum benefits out of the transition of regional mobility to autonomous.   
Consequence – Scenario 2 (- +) 
(Undesired Internal Response to Desired External forces) 
• Mobility-as-a-service companies rule the roadways. TNCs were able to capitalize on the shifting consumer preference for urban living and a shared economy and develop a business model that could eat into the mode-shares of both public transit and private vehicles. The cities miss out on extracting adequate community benefits from the companies resulting in equity and access issues to underserved and low-density communities. Some transit dependent communities see their transportation costs rise. Demand-based pricing from TNCs makes some travel unaffordable.  
• Declining personal ownership of cars leads to a reduced use of parking – a major source of city revenues. Timely parking reform leads to missed revenues for several years. The unused parking space becomes available for infill developments, but the cities struggles to capture this opportunity for smart growth policies, and creation of open spaces.  
• A sharing economy encourages local businesses to transform their business models to include on-demand delivery services. Most are successful in embracing the shift while some lose out (auto repairs, insurance etc.).  
• With ubiquitous availability of travel on-demand, the attractiveness of active modes reduces. The cities fail to compensate for this trend by giving more roadway widths to active modes, now that traffic on the roadways have reduced.  
• Regional Mode-Share is promising as shared and active modes dominate.  
• Vehicle occupancy is high as sharing becomes the social norm, but efficiency levels do not reach the levels of public transit.  
• Overall, environmental impact is lower than 2018 levels as regional VMT declines.   
69 
 
Consequence – Scenario 3 (+ -) 
(Desired Internal Response to Undesired External forces) 
• Despite proactive attempts by local stakeholders to prepare for CAVs adequately, undesirable exogenous forces such as restrictive federal and state policies and an unchanging consumer preference for personal owned vehicles lead to a gradual decline in interest in transit and active modes.  
• The shared economy fails to take a solid root in society as the ride-sharing TNCs and Mobility-as-a-service is able to service only a niche-market of young urbanites.  
• The promised revolution of CAVs do not arrive. What has happened is merely the move from traditional personal vehicles to automated personal vehicles. Many of today’s transportation issues continue to exist.  
• The rich and the middle class is able to make the move to automated vehicles while the poor and transit dependent face issues with access and affordability of travel as the decline of transit and active modes leads to reduced level of service quality.  
• The urban growth falls back to pre-recession levels with sprawl occurring in the fringe areas. Proactive local initiatives are able to achieve infill developments in pockets but the demand for leisure lifestyle away from the urban areas drives capital and growth in some areas in the fringes and in satellite cities of the region.  
 
Consequence – Scenario 4 (- -) 
(Undesired Internal Response to Undesired External forces) 
• Personal vehicles dominate of the roadways with low amounts of shared rides and car-pooling. CAVs become an extension of personal space as consumers choose personal privacy and convenience over costs. 
• The promise of CAVs become a nightmare for the regional stakeholders as there is an unprecedented revival of exurban sprawl fueled by consumer preference to live further and further away from the core. The removal of the pains of congestion make the time spent in cars valuable for non-driving leisure and work-related activities.  
• The sprawl forces cities to develop rural lands and install city infrastructure (water, sewer) further out increasing the cost of maintenance.  
• Renewed development forces upon and within peripheral urban areas such as Mahomet and Rantoul as well as along the interstate create pockets of sprawled communities along automated roadways.  
• Widespread gridlock ensues as calls for expansion of infrastructure is met with dwindling financial resources available to agencies.  
• Transit and active modes are showing signs of abandonment.  Service quality takes a hit and transit-dependent communities suffer. They become merely a feature of the university helping meet student needs.  
• The roadway prioritization is back on personal vehicles as decades of efforts to reverse the trend fails.  
• Cities reel under intense financial issues while unable to reach consensus on remedial measures.  
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Using Innovation-Adoption Cycle to Estimate Mode-Share Projections  
Instead of stacking groups side-by-side (as in figure 28), if you stack them one on top of each other, then you get the Cumulative Curve. Comparing the Cumulative S-Curve with the Non-Cumulative Bell Shape Curve, you find the point where it transitions from the Early Adopter to the Early Majority category. The curve exhibits the shape of a hockey stick. This point is called the take-off point. This is the point on the curve that shows the entry of the innovation into the mass market. There will be rapid growth during this phase that expands between the Early and Late Majorities, the take-off point in CAVs will be the year that the increase (rate) of CAVs on the road will cross the increase (rate) of non-CAVs.  Using the above method allows us to project mode-shares. A few key assumptions were taken into consideration. From the literature review, we know that the take-off period for Shared CAVs in the US is 2026-2028. The Champaign-Urbana region has consistently lagged major metropolitan areas by around 2-3 years for the adoption of any major technology. This was the case for 4g LTE, ride sharing companies such as Uber and Lyft, Car-rental company Zip Car etc. So, it is assumed that CAV technology will also follow this trend. According to the literature review, major metropolitan areas in the US is expected to see a take-off of Personal CAVs in 2030-2032. Thus, for our estimated projections, we assume that in Champaign-Urbana region, the take-off period for Shared and Personal CAVs to be 2028-2030 and 2032-2034 respectively. Another key assumption taken into consideration is the inevitability of the transition to electric vehicles. Although this is still uncertain, for the purposes of this projection, the electrification of our mobility options was taken to be certain. Finally, the dependence of work (or education) to travel is among the fundamental assumptions in transportation demand modelling. The future of how societies see work, or education has the power to fundamentally shift the key reasons why travel is required. Advances in virtual reality, augmented reality and internet connectivity speeds can result in the reduction of the need to travel for work and education. But, for this exercise, these dependencies were assumed to remain as it exists in 2018.  The collation of the external forces, internal stakeholder responses, the consequences of their actions and the above method of estimating projections, allow us to complete our scenario chart. Figure 35 shows the final Scenario results.  
Figure 34 Cumulative Adoption Curve 
Figure 35 Scenarios 
 
Scenarios 
Scenario 1 (+ +) 
(Desired Internal Response to Desired External forces) 
 
Figure 36 Robo-Transit Utopia Tentative Mode Share Trajectory 2015-2050 
Description In this scenario, the desirable external forces and the appropriate desirable internal stakeholder responses creates a confluence and realization of all positive benefits of CAVs radically shifting mobility of the future in Champaign-Urbana. CUMTD takes the lead in the region, becoming an early adopter of technology and using it to bridge gaps within the regional network, especially to improve first and last-mile connectivity particularly to underserved populations and communities. CUMTD’s mode share triples compared to the 2018 levels and high occupancy shared public CAVs for mobility becomes the norm. The space freed up by old parking areas within the city cores becomes available for infill mixed-use developments resulting in the densification of urban cores and the creation of high-quality publicly accessible public spaces and the overall improvement in the standard of living for the residents and students of the University. The region creates a resilient economy capable of taking advantage of the disruptive technologies. The new mobility network allows for seamless transition between modes and an increase in choice and options for residents. The high efficiency of the network allows pricing to be low making mobility no-longer a burden on households. This scenario is also a boon for active modes as they receive a greater allocation of public space, resources and roadways.  The radical increase in safety of the roadways leads to drastic drops in accidents. The cities have been able to find alternative means of revenues to be financially secure. The lower personal vehicle usage and ICT infrastructure optimization on the roadways reduces operations and maintenance costs of the infrastructure. The regions VMT, peak traffic, parking demand, GHG emission, and vehicle ownership drops while occupancy per vehicle increases substantially.  
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Scenario 2 (- +) 
(Undesired Internal Response to Desired External forces) 
 
Figure 37 Shared Mobility Revolution Tentative Mode Share Trajectory 2015-2050 
Description In this scenario, undesirable internal stakeholder response to a favorable set of external forces results in an opportunity lost to the region. While the federal government and the residents have embraced the technology, the regional stakeholders were late to organize and give a coordinated response to this disruptive technology. Meanwhile, transportation network companies use the mobility-as -a-service business model (vehicle and ride-sharing) are able to take over the streets of Champaign-Urbana competing intensively with CUMTD’s services as well as private vehicles. The region saw disruption in the mobility space during the Shared CAV take-off period and resisted the Personal CAV take-off period. While this results in the decline of personal ownership of vehicles, reduction in parking demand, and overall environmental impact in comparison to 2018 levels, we see a rise of concerns over equity and affordability. Users and communities in underserved and poor areas are affected. In comparison to scenario 1, active modes see a relatively less importance on the roadways. There is reduction in traffic on the road especially during peak hours compared to 2018 levels. It leads to road dieting and roadway redesigns in few of the major hotspots in the city, especially transit hubs to accommodate more drop-offs and pick-up from fleet vehicles.  Safety improves because of the improved technology within the vehicles, but regional network and infrastructure conditions still pose threats to residents. Local stakeholders struggle to put up infrastructure needs for handling the vehicles on city streets. The reduced parking demand in the cores results in opportunities for infill developments. The quality of urban living improves particularly near hubs. The finances of the regional stakeholders to address the needs of the commuters are in troubled waters as conventional funding streams have dried up. The cities were not able to enter into more favorable agreements and permitting negotiations with fleet operators resulting in potential losses.  
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Scenario 3 (+ -) 
(Desired Internal Response to Undesired External forces) 
 
Figure 98 'Technology Change, But We Dont' Tentative Mode Share Trajectory 2015-2050 
Description In this scenario, we see radical shifts in technology offering opportunities for enhanced mobility options and the regional stakeholders taking proactive steps to adopt them for the community. But, social preference for individual freedom and convenience that personal CAVs offer, remains the cornerstone of mobility choices by the people. As a result, CAV technologies in public transit and as well as the mobility-as-a-service fails to take a substantial root in the community. Public transit and transportation network companies compete for a niche market. CAVs becomes the main mobility option for the wealthy and the middle class while CAV options for underserved communities remains elusive.  Affordability for viable transportation options and its accessibility for non-driving urban populations and underserved communities decline. Active modes lose priority in the roadways. While transportation infrastructure within campus and regional cores are of high standard, it does not see enough utilization. The mode shares of the region do not change drastically compared to the 2018 levels, although there is a marginal decline in personal ownership because of the local investments and policies. The ownership of personal vehicles sees maximum decline during the Shared CAV take-ff period, it recovers considerably during the Personal CAV take-off period. The great benefits that proponents of CAVs had promised fails to materialize. Although parking demand slightly reduces within city cores, it does not result in a substantial increase in densification and mixed-use. However, the regional stakeholders are able to find alternative means of funding and remain actively involved in solving transportation issues.     
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Scenario 4 (- -) 
(Undesired Internal Response to Undesired External forces) 
 
Figure 109 Freewheeling Owned Autonomy Tentative Mode Share Trajectory 2015-2050 
Description In this scenario, the worst of the undesired external forces and internal responses from stakeholders combine to result in a future where the long-feared detrimental impacts of CAVs get materialized. Federal and state agencies, and local stakeholders struggle to keep pace with the fast-moving disruption in mobility created by CAVs. The personal automobile manufacturers triumph over shared mobility service providers such as TNCs and public transit agencies in attracting customers. People see the removal of the pains of the commute as a boon and buy personal CAVs for themselves. They prefer to live further away from the city in quiet suburban neighborhoods next to automated highways resulting in exurban sprawl. The increase in ownership of CAVs result in widespread gridlocks and calls for expansion of the region’s transportation networks. CUMTD ridership drops and becomes primarily an option used by students within campus-town. Equity, affordability and accessibility for underserved communities suffer. With the roadways clogged by vehicles, and the region struggling to accommodate them, the region loses its focus on active modes and transit use. The financial situations of the stakeholders suffer as they struggle to find alternate means to fund revenue shortfalls amidst rising infrastructure needs. The cores in the region see falls into disrepair as preference for urban living and access to quality public open spaces see substantial declines. The advent of CAVs has become a curse and a nightmare for the region’s key decision-makers and stakeholders.    
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Introduction The four future scenarios discussed in the previous section provides a depiction of the region in 2050 if sustained action or inaction occurs. They are mutually exclusive, conceptual but probable futures. The scenario planning matrix allows us to see all the possibilities that can occur. In practice, this tool allows us stakeholders to self-assess they performance and trajectories and change course if necessary. The following section is a collation of recommendations for regional partners to consider as viable action items to respond effectively to achieve community goals. The following community goals were considered while formulating and compiling the recommendations for the regional stakeholders: 
 
Recommendation Structure The recommendation is structured to follow the scenario matrix. Figures 32 and 40 correspond with each other. The recommendations are classified as basic, intermediate, advanced, and ambitious in terms of ease of execution. Thus, the most favorable scenario (Robo-Transit Utopia) corresponds to the most ambitious of recommendations while the basic recommendations holds true for the most unfavorable scenario (Freewheeling Owned Autonomy). The following pages lists the recommendations.  
 
Figure 40 Recommendation Structure 
S. No Policy/Best Practice Goals Addressed Recommendation Tier
Champaign/ 
Savoy
Urbana CUMTD University CCRPC
Planning & Design Standards
1
Prioritize land freed up by AVs for infill 
redevelopments, housing, public benefit 
uses.
1,2,4 1
2
Continue to address housing needs as a key 
component of the land use/transportation 
system (address 
access/proximity/pricing/equity issue)
2,4 1
3
Articulate the inevitability of CAVs and their 
uncertainty in the planning process to retain 
maximum flexibility as technology advances
2 1
4
Increased housing supply in downtown cores 
and complete/transit neighborhoods
2,4 1
5
Regionally coordinated AV policies that are 
intergrated into Regional Transportation 
Plans
2 1
6
Land use that is supportive of efficient transit 
systems.
2 1
7
Support active transportation. AVs will 
likely affect active transportation including 
pedestrian and cyclist safety, first-last mile 
connectivity, and urban form. AV policies 
should enhance the roadway and urban 
environment to support modal split goals, 
improve safety for all roadway users, and 
encourage active lifestyles. The built 
environment should serve the needs of 
people and active, sustainable transportation 
rather than being reshaped to fit a particular 
transporation technology.
2,4,5 2
8
Protect rural/resource lands for non-urban 
uses.
2 1
9
Create a hierarchy for how to prioritize street 
space freed up by AVs (peds, bikes, transit, 
freight, shared avs, avs) and prioritize 
investments in areas based on needs
1,2,4,5 2
S. No Policy/Best Practice Goals Addressed Recommendation Tier
Champaign/ 
Savoy
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Planning & Design Standards
10
Use AVs as a strategy to make suburbs more 
sustainable (Retrofit, densify, make more 
walk/bikeable/transit-oriented)
4,5 2
11
Implement bus only lanes. Transit and high 
capacity shared AVs should have priority on 
roadways.
3 2
12
Create, maintain and update standards for an 
inventory of curbside resources 
(designations, height etc)
2,4,7 2
13
Update municipal curbside ordinances 
following creation of inventory
2 2
14
Reassess permitting/leasing process for 
curbside space (vs. privately owned)
2 2
15
Smart Growth: Complete communities with a 
mix of "live, work, and play". Minimize 
potential sprawl induced by AVs
2,4,5 2
16
To ensure that AV based transit meets the 
needs of current transit deserts in urban and 
suburban areas 
1,2,4 2
17
Develop local land-use pilot programs to test 
policy, program, and fiscal options 
2 2
18
Increase active mobility options (bike/ped 
amenities) in sub-urban regions and satellite 
urban regions for first and last-mile solutions 
to counteract potential impacts of AVs
1,4,5 3
19
Transit-supportive AVs. Have automated 
vehicles support transit rather than compete. 
AVs should be in service of first-last mile 
connections instead of competing with 
transit.
3 3
20
Encourage broad TDM strategies including 
parking & employer and developer mandates 
that reduce VMT and adapt them to the AV 
future.
2,4 3
S. No Policy/Best Practice Goals Addressed Recommendation Tier
Champaign/ 
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Planning & Design Standards
21
Public sector leadership. Executive order or 
other policy tool to mandate that the public 
sector adopt AV innovations (car sharing, AV 
fleets that reduce VMT, etc.)
2,4 3
22
Develop new model for dynamic "transit-
oriented" services (which has adaptive 
routing and  doesn't require or depend on 
existing model, e.g., transit hub, bus stops 
etc.)
1,2,4 4
23
AV-only zones. Areas such as downtowns or 
high pedestrian areas can be restricted to 
AVs to reduce collisions, congestion, noise, 
etc. 
7 4
24
Make transit free, increase frequency, add 
bus only lanes, operate 24 hours
3 4
25
Geofence priority areas (downtown, 
congested) for higher charge or prohibit all 
but high occupancy vehicles, could use fast 
track model/transponder for non-AVs which 
exceptions for low-income etc.
2 4
Infrastructure & Parking
1
Catalogue parking and other auto-oriented 
uses to better understand such assets and 
use rates.
5,4 1
2
Inventory and assess viability of repurposing 
municipally/ university  owned parking for 
drop offs/pick ups
2 1
3
Identify opportunities to reduce 
expenditures on parking management 
4 1
4
Infrastructure investments to provide 
adequate technology and information in 
regards to AV
2,4 1
5
Connect communities without compromising 
rural lifestyle
2 1
S. No Policy/Best Practice Goals Addressed Recommendation Tier
Champaign/ 
Savoy
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Infrastructure & Parking
6
Promote the future-proofing of construction 
projects to enable CAV operations (i.e., 
installing conduit). 
2 2
7
Regulate speed of AVs during transition 
period for safer roadways. Get rid of 85th 
percentile method of determining speed 
limits
7,5,4 2
8
Reassess current minimum parking 
requirements for all types of new 
development, consider modular or adaptable 
design (integrate into LEED)
2,4 2
9
Reassess and optimize parking: District-
based, shared parking approach, parking 
maximums
2 2
10
Fiscal impact analysis of driving related 
revenues and expenditures (parking and 
safety enforcment, street permitting etc.) 
how does it change % discretionary funding 
4 2
11
Converting parking for redevelopment, green 
space, mixed use or existing zoning
2,4 2
12
Integrate active transportation 
facilities/infrastructure with AV service 
provision (e.g., AV hubs with integrated 
infrastructure/facilities for active 
transportation). 
1,4,5 3
13
Provide a resource group or create 
guidelines for public agencies to help provide 
expertise in communication technologies 
6 3
14
All ITS architecture updates incorporate 
CVRIA (Connected Vehicle Reference 
Implementation Architecture)
2 3
15 EV infrastructure data availability 2,4 3
16
Public AV services within the public ROW for 
snow plowing maintenance, cleaning etc.) 
and parks (grass cutting)
2,7 3
S. No Policy/Best Practice Goals Addressed Recommendation Tier
Champaign/ 
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Infrastructure & Parking
17
Retrofit and redesign infrastructure to 
facilitate/encourage/integrate active 
transportation and multimodal mobility 
options
5,4 4
18
Connected vehicles. AVs should be 
connected (car-to-car/car-to-cloud) with the 
goals of reducing congestion, collisions, 
improving intersection operations, 
etc. Vehicle routing should minimize VMT.
4 4
19
Maintain Regional proactive ITS database / 
Transportation System Center that can feed 
AVs with real time transportation data.
4,7 4
20
Identify depots or hubs for AV docking, 
storage, and charging
2 4
Funding & Pricing
1
Use cities/jurisdictions' ability to 
price/incentivize/provide assets for AV use
1,2,4,5 1
2
Due diligence on major infrastructure to 
determine if current capital projects and 
plans should be evaluated to consider their 
costs, benefits, and usefulness in a 
transportation system with AVs.
4 1
3
Vehicle fees. 1) Vehicle registration 
fee/vehicle sales tax to incentivize shared 
mobility with fewer vehicles serving more 
people; 2) size and weight fees that 
encourage smaller vehicles and help cover 
costs of damage to infrastructure caused by 
heavy vehicles; 3) zonal pricing to charge 
vehicles more or less in certain locations
2,3,4,5 1
4
Prioritize curb space for pick-up, drop-off for 
priority riders (shared vehicles, disabled), 
with long-term parking mainly located in 
structures
1,4,7 1
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Funding & Pricing
1
Use cities/jurisdictions' ability to 
price/incentivize/provide assets for AV use
1,2,4,5 1
2
Due diligence on major infrastructure to 
determine if current capital projects and 
plans should be evaluated to consider their 
costs, benefits, and usefulness in a 
transportation system with AVs.
4 1
3
Vehicle fees. 1) Vehicle registration 
fee/vehicle sales tax to incentivize shared 
mobility with fewer vehicles serving more 
people; 2) size and weight fees that 
encourage smaller vehicles and help cover 
costs of damage to infrastructure caused by 
heavy vehicles; 3) zonal pricing to charge 
vehicles more or less in certain locations
2,3,4,5 1
4
Prioritize curb space for pick-up, drop-off for 
priority riders (shared vehicles, disabled), 
with long-term parking mainly located in 
structures
1,4,7 1
5
Assess corridors for initial local investments 
in shared, AV, EV 
4 1
6
Unbundle parking requirements from 
development so the cost of parking is better 
reflected in the marketplace
2,4 1
7
Fair pricing of rural roads for infrastructure 
funding
1,2 1
8
Transition away from regressive tax 
mechanisms to fund transportation 
systems/roads
4 2
S. No Policy/Best Practice Goals Addressed Recommendation Tier
Champaign/ 
Savoy
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Funding & Pricing
9
Use public transportation dollars traditionally 
spent on expanding capacity to buy down 
travel demand.  Use mobility technology to 
inform individual travelers of real-time travel 
options that reduce VMT and possibly 
congestion.  Options that reduce VMT would 
be subsidized to make them more attractive.  
Under this policy, taxes paid for 
'transportation purposes' would be returned 
to users to influence their travel behavior.
3,4 2
10
Cities should plan on collecting pick-up/drop-
off fees to compensate for loss of parking 
revenue.
4 2
11
Create incentives for AV to connect to 
infrastructure and share data (i.e., curbspace 
access, subsidies, shared autnomous vehicles 
etc.)
4 2
12
Prioritize retrofitting curbs to consolidate 
property-street access points (i.e.driveways)
7 2
13
Cities/ University can sell, lease or 
redevelop existing parking structures for 
other uses (development, charging, drop off 
and pick ups etc) once demand for parking 
goes down
4 2
14
Fees to reduce inefficient transport (zero 
occupancy vehicles)
4 2
15
Layer pricing schemes on VMT user fees to 
discentivize zero-occupancy, and charge by 
location and time of day to mitigate 
congestion.  
4,7 3
16
Tie VMT to parking. Avoid vehicles without 
passengers cruising or driving long distances 
to avoid expensive parking or find cheap 
parking.
4 3
17
Facilitate and encourage more dynamic curb 
use (drop-off) through regulations, pricing, 
time of use. Update signage accordingly
4,7 3
S. No Policy/Best Practice Goals Addressed Recommendation Tier
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Funding & Pricing
18
Assess revenue share split between state and 
local governments, transition from gas tax to 
VMT. Charge would change based on vehicle 
weight and efficiency
2,4 3
19
Shared Automated Pooled Vehicle Fees -
Passenger Mile Traveled/ Vehicle Mile 
Traveled Fee goes down as occupancy goes 
up.
4,3 4
20 Subsidize public transit AVs. 3 4
21
Price VMT like a utility so that VMT is priced 
on a tiered structure; higher VMT is priced 
higher.
1,4 4
Health & Safety
1 Enforce ADA in provision of AV services 1,4,7 1
2
Prevent AVs from allowing passengers to 
disembark when not safely docked
7 1
3
Assess curb height need for safe and 
accessible docking (have car account for 
height differences?), disincentivize drop offs 
where curb height isn't ideal
7 1
4
Create a hierarchy for how to prioritize street 
space freed up by AVs (peds, bikes, transit, 
freight, shared avs, avs) and prioritize 
investments in areas based on needs
1,4,7 2
5
AVs may need to violate the hard-and-fast 
traffic laws in unusual situations (e.g., 
crossing a double-yellow line to pass a 
double-parked vehicle). In all other cases, 
manufacturers should be issued a formal 
notice of violation and instructed to rectify 
the fault in its design. Local law enforcement 
can exercise their authority to penalize traffic 
violations through fines and other actions.
7 2
S. No Policy/Best Practice
Goals 
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Health & Safety
6
Emergency controls. Require AVs to be 
connected to network that enables agencies, 
such as public safety/emergency vehicles, to 
have some control of AVs.
7 3
7
Establish quantitative safety goals that foster 
risk-informed decision making and continual 
improvement from 'today's' safety statistics 
that address (1) fatalities per million km; (2) 
injuries per million km; and (3) damages
7 3
8
Propose recommendations to deploy AVs for 
dirty/dangerous jobs as appropriate. 
7 4
9
Prioritize and direct resources to 
communities facing most health 
inequities/disadvantages, to focus 
investment of AV resources to improve social 
determinants of health and reduce health 
inequities. Use tools like Healthy Places 
Index (HPI) to identify communities.
1,4,5 4
Equity
1
Use AVs as an opportunity to build capacity 
at transit agencies to advancing equity
1,4 1
2
Transit agency to administer equitable public 
transit, whether provided in-house or 
privately
1,4 1
3 Enforce ADA in provision of AV services 1,4 1
4
Prioritize curb space for pick-up, drop-off for 
priority riders (shared vehicles, disabled), 
with long-term parking mainly located in 
structures
1,4,7 1
5
Site vehicle fuel or charging 
infrastructure/substations to not disparately 
impact vulnerable communities.
1,4 2
6
Use AVs to improve paratransit service, and 
related data to improve enforcement of ADA 
(within privacy)
1,4 2
S. No Policy/Best Practice Goals Addressed Recommendation Tier
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Equity
7 Ensure access for all income levels 1,4 2
8
Don't allow AV infrastructure to segregate 
neighborhoods. Site AV infrastructure 
equitably.
1,4 2
9
Ensure that AVs are rolled out in a way that 
prevents displacement
4 2
10
Ensure that AV programming (and 
use/service) eliminates implicit and explcit 
biases (including discrimination towards 
specific groups based on age, gender, 
race/ethnicity, ability, religious beliefs, 
sexual orientation, etc.)
1,4 3
11
Any pricing should mitigate unintended 
equity impacts, recognizing current system is 
inequitable.
1,4 3
12
Ensure that communities across all 
geographies and income levels have access 
to affordable, reliable 5g internet access 
(enabling telecommuting and AV 
communication)
1 3
13
Have AV service providers provide data in 
order for localities to understand if service is 
being provided equitably. E.g., in order for 
AVs to operate in localities, required to 
provide data. 
1,4 4
Environment
1
Emissions performance standards for 
TNCs/fleets
4 1
2 AV registration fees linked to GHG instensity 4 1
3 Require automated vehicles be electric 4 2
4
Smart Growth: Complete communities with a 
mix of "live, work, and play". Minimize 
potential sprawl induced by AVs
2,4,5 2
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Environment
5 EV access to restricted lanes (TNCs/fleets) 4 3
6
Collect performance data (electric miles, 
MPGge, emissions, occupancy) and local 
planning needs (routes, time of day, demand 
and supply)
2,4 3
7
Encourage zero emission AVs with clean 
energy sources to reduce air quality impacts. 
1,4 4
8
Transit vehicles (electric bus purchases), 
route prioritization. If transit agencies move 
to automated, they should also be electric
3,4 4
Jobs & Economy
1
Focus on people, not jobs and build 
partnerships to create transition and training 
opportunities
6 1
2
Assess economic impacts of AVs on the 
economy in terms of job transition and 
creating economic opportunity
6 1
3
Encourage research, trend analysis, on job 
impacts of AVs
6 1
4
Conduct education, outreach, training with 
community colleges/unions on job 
opportunities related to AVs
6 2
5
Look for new opportunities for jobs, not 
simply those that exist now within transit 
agencies
6 2
6
Convene industry organizations with labor 
focus to discuss transition, impacts, new 
opportunities
6 2
7
Project where future jobs will be and train 
people to be able to have those jobs
6 2
8
Deploy AV pilot projects to best connect 
people to jobs and job training
3,6 3
S. No Policy/Best Practice
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Ride-Sharing / TNCs/ AV Fleets
1
Protect health, safety, and privacy of all 
riders through anonymized data.
3,6 1
2
Ensure liability structure 
incentivizes/prioritizes OEMs taking 
responsibility for safety (preventing 
collisions/crashes)
3,7 1
3
Enable Mobility as a Service to encourage a 
broad range moblity services.
1,2,4,5 1
4
Operating boundaries for AV operation 
(acceptable level of disrepair) need to be 
defined along with responsibilities for each. 
This would inform liability arguments that 
manufacturers would need to make such as 
arguing for liability of an accident to be 
transferred to a local government 
jurisdiction for not maintaining a road 
properly.
7 1
5
For the purpose of cybersecurity, an 'AV 
ecosystem' needs to be defined that 
includes (amongst other things) the vehicles, 
transport infrastructure, manufacturer 
infrastructure and relevant third party 
devices.
7 1
6
Provide multiple ways for accessing AV 
services, including subscriptions, cell 
phones, cash.
1,4,3 2
7 Ensure access for all income levels 3,6 2
8
Regulate speed of AVs during transition 
period for safer roadways. Get rid of 85th 
percentile method of determining speed 
limits
3,4,5,7 2
9
Establish perfromance metrics for Shared AV 
fleets
4 2
10
Require addiitonal data on environmental 
performance to waive fees.
4 2
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Ride-Sharing / TNCs/ AV Fleets
11
Contract with TNCs needs to focus on the 
following categories of information (1) 
incident investigation information; (2) 
commercially valuable information; and (3) 
transportation planning and operations 
information. 
2,7 2
12 Require automated vehicles be electric 4 2
13
Emergency controls. Require AVs to be 
connected to network that enables agencies, 
such as public safety/emergency vehicles, to 
have some control of AVs.
4,7 3
14
Collect performance data (electric miles, 
MPGge, emissions, occupancy) and local 
planning needs (routes, time of day, demand 
and supply)
2,7 3
15
Encourage zero emission AVs with clean 
energy sources, to reduce air quality 
impacts.
3,6 4
16
Have AV service providers provide data in 
order for localities to understand if service is 
being provided equitably. E.g., in order for 
AVs to operate in localities, required to 
provide data. 
1,3,4 4
Other
1
Ensure robust and meaningful community 
engagement for communities to identify and 
develop solutions to the transition to an AV 
future. This includes community engagement 
in developing AV regulations
1,4 1
2
Involve elected officials. Promoting 
mobility/AV innovations requires political 
support. Legislators and local leaders need to 
be educated about these topics to garner 
support. 
1,4 1
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Appendix 1: Interviewees 
City of Urbana Date: Feb 8th, 3pm to 4pm – Urbana PWD office Bill Gray Director of Public Works 
Supervises various departments – physical infrastructure -  
streets and sanitation, parks and grounds, engineering,  
utilities and equipment maintenance 
City of Champaign Date: Feb 12th, 3:30pm to 4pm – CCRPC Office David L Clark General Public Works & Engineering Division 
Questions, projects, budgets Chris Sokolowski Assistant City Engineer, Transportation Section 
Planning, functional design, operation and management 
of facilities for all modes of transportation Rob Kowalski Assistant Planning and Development Director 
Long-range planning activities, department administration,  
Plan Commission, Visit Champaign County Board 
Champaign-Urbana Mass Transit District (CUMTD) Date: Feb 15th, 3pm to 3:30pm – CUMTD Office Karl Gnadt Managing Director 
Projects, Technology Management for operations and communications, 
grant management and budgeting, public outreach, sustainability initiatives 
University of Illinois  Date: Feb 12th, 2:00pm to 3 30pm – CCRPC Office Stacey DeLorenzo Transportation Demand Management Coordinator Engineering Services, U of I 
Illinois DOT Date: Feb 15th, 2pm to 3pm– CCRPC Office  Matt McAnarney Chief of Staff to the Secretary of Transportation, Illinois 
 
  
Appendix 2: Interview Questions 
 
Role & Capacity  What is your understanding of your city’s or agency’s role in preparing for CAVs in the C-U region for the next 25 years? How does it relate to similar efforts by other cities / agencies in the region?  
• How dependent/independent are you in taking actions on an issue (particularly CAV related policies) on the other local stakeholders?   Do you expect CAVs to become a primary priority area driving planning efforts in the near future (2020-2040)? How confident/ concerned are you regarding your city’s/agency’s preparedness to plan for this? 
• Relevance to your field/scope of work 
• How much priority does it hold today? 
• Preparedness: 
o Investment & Funding Capacity 
 Asset Management, Operations & Institutional Upgrades 
 Capital / Transportation Improvement Projects 
o Level of expertise 
 Staffing level & expertise 
 Institutional - experience, technical know-how of changing technologies such as Big Data, cloud, intelligent traffic management systems, parking technology etc. 
o Citizen support & Political Will  
 
Decision Making How do you rank the following factors in your decision-making process? 
 Political will? 
 Funding levels 
 Need of the community 
 State or federal requirements 
 Other  
• Main determining factor? 
• How do you prioritize actions & planning efforts for transportation related projects today? Which all external factors (exogenous – beyond your control) will impact your planning decisions regarding CAVs? (Refer to the list of external factors given) 
• Most significant or relevant indicators 
  
• Importance placed on non-local/exogenous factors vs local factors when planning or investing for local needs?  
• How often do you look beyond the region to decide upon a policy change / project? 
• Any other concerns regarding the technology’s impact that has not been discussed in the handout or this discussion? 
• How likely are you to take a lead in using/experimenting with this technology before your peer agencies/institutions? – (only for CUMTD, University) 
o Any established timeline? 
Planning Which of the expected impacts of CAVs are you most likely to address in your next long-term plan and why? 
• Main focal areas/issues for you to address.  
• Likely actions to be taken to address 
• Openness & likelihood on moving to non-traditional revenue sources (pricing policies such as data driven usage fees – e.g.  gas tax to VMT tax), and Zoning & Ordinance updates? 
o Scale 
 Highly Unlikely 
 Unlikely 
 Likely 
 Highly likely 
Scenarios 2045 What would a ‘Best Case Scenario’ look like from your perspective in 2045? 
• What would the most apt response from your city/agency towards planning/investing/regulating CAVs look like?  What would a ‘Worst Case Scenario’ look like from your perspective in 2045? 
• What are the actions that you will choose to avoid when confronting a future with connected and self -driving cars? What would a ‘Realistic Case Scenario’ or ‘Business as usual’ look like from your perspective in 2045? 
• What are the actions that you are likely to choose when planning a future with connected and self -driving cars? 
 
General Comments What is your general outlook on the advent of CAVs in C-U region now? 
• Scale 
o Optimistic 
o Pessimistic 
o Balanced  
  
List of Exogenous Factors 
Drivers (exogenous forces) 
Technological Development 
Machine learning / artificial intelligence / Image-Recognition 
New CAV models (changes in shape, weight, design) 
Electric battery and charging advancements (more storage, quicker charging, lower costs) 
Growth in mobile platforms, 5G wireless technology & Mapping, Big Data 
Cybersecurity/safety advancements in data storage and transfers 
Consumer Preferences 
Acceptance levels of tech (safe, exciting, scary, etc)  
Car ownership attitudes (functionality vs cultural value, age at which driving is wanted) 
Affinity for sharing economy, and for sharing rides 
Bike-Ped (preferences for non-motorized)  
Desire for on-demand services  
Preferred urban form (mixed use vs suburbia, etc)  
Eco-consciousness  
Trust in government and regulation 
Socio-Economic Factors 
Urbanization & Demographic Changes 
Aging population 
Immigration & foreign policy 
Non-driving urban pop growth 
Housing prices 
Employment levels / workforce trends 
Car manufacturing / vehicle prices - affordability 
Liability/insurance frameworks 
Economic health of major employers in region 
Changes in transportation business models (mobility-as-a-service) 
Government Actions and Public-Private Collaboration 
Federal Funding & Transportation Policy 
Federal Tax incentives, grants and credits 
Technology mandates (such as CAV abilities on new vehicles) 
Formulation of data standards and/or sharing agreements 
State Budget – Grants for local bodies, University funding, tax incentives and credits 
University Research & Development 
Actions by peer agencies/cities 
Public-private partnerships  
Influx of private capital into sector 
Trade & Tech policy (regulations), International carbon trading or climate policy 
